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PREFACE 



rh(» present report i.s conce rrieU with one of th(» topicb fxarnin(»(l an part of the Pro- 
tj(rarnrne on KcJucatioruil BuihJirif,' (PKH) which waK set up in 1972 by the OKCD Council at th(» 
rec^uewt of a ruiriiber of Member countries, hi rno«t nf these countries major chanf,'es hav(? 
oi ( urred over the past twenty years in lx)th the structure an<i form of ('(Jucation and continue 
to o( cur as education necessaTily adapts to new social, economic ancJ derno^^raphic develop- 
ments. As a result school building; is always uncier pressure, not only to provicJe the ri|{ht 
kind of buildir^^s for c»volvin^' educational purposes, but tt) prt)vide them where they are rnont 
needeti (in the li^U of urban renewal and growth) ancJ, in particular to provi<ie enou^^h buiUJ- 
itu^s vithin limite<J bud^^etK arui within n limite(J tirne. 

The principal objective of the Pro^jrarnrne on Kducatit)nal Building is to reinfor<:e the 
efforts made by participating countries to HurmoUnt these pressures. One way by which this 
obje< tiV(» is [)ursu(»(J is throu^^h the analysis and evaluation of concrete country (experience in 
spe< ific and cl(»arly i(Jentifi(»d areas of interest. Su(*h analyses, of which t)ie present rqport 
is typical, form the basis for future pro^^re^JH not by treatinf^ technical isKues in isolation but 
by so relating them to c»(Jucational, (»conomic arui inr-jtitutional iswuen aw to off(»r ^^ui<ielineH 
for- the cornpr(»h(»nKive polici(»s which (eff(?ctive inve[jtm(»nt in school buildin^^ deman(iH. 

Hecaus(f in(Jufitrialiije(J protJuction in ^^eneral huu be(»n so succ(»f;sful in retjponcJinf^ to 
pressure*^ of cost ancJ time it i^natural to expect fjimilar benefits from th(» induHtrialisation 
of buildiru^ production. Many a(rchit(»ctf3 hav(» shareci this expectation from the earliefJt 
<ic( adcH of thi^ century. And many f)olicy-maUerf;. faced with an urM<'"t need for huilduu! in 
(quantity have liktnvise asfjurned that incJustriulifjed buihiin^ woul<J be-the obvious ansv/er to 
their- problem's. Others art* more tjceptical of the likely* a<Jvantaf^;ef^. Hut to eith(»r» the f)o- 
tential increas(» in prcxJucti vity which incJustrialifiation can represent if3 not to be disref^ardetJ. 
I hus it is toVli< y-"^iil^^*'*^'^ ^^ifi^ ^^"^^^ report is primarily a{i<iresse<i. Hut it iiJ of importance 
also to all who may be concerned to see that educational inter«».'3tH and functions are not f-Jub- 
mer^^(»{J in thc» requi rt^rnents rnod(»rn mass production an<i rnasM marketings Throu^^h itfj 
analysis of the Jt^sf^jons to be learned from the detailed fUudy of a i^erief] of specific examplefJ» 
the report (Jocurnents the advanta[^(»s and limitations of the variourj alternativerj which policy- 
makers will n(»ed to balance ilH rnakinf^ choic(»s beut suited to their national cir<'urnstanceri. 
Mor(» than that it indicates the conditions which polici(»fJ ne(»d U) provi<i(» if industrialised 
building to contribute successfully to f>v(?rall <»ducationaI obj(»<!tives. 

Th(? report is published under the responsibility of the Secr(»tariat which wishes to (»x- 
pr(»ss its particular appr(»c iati6n to the author of th(! r(!port, Profc^jsor Ouy Oddi(», Senior 
Advisor to the Pro/»rarnrn(». 



Chapter I 

ORIGINS, OBJECTIVES An6 WORKING METHOD 



OHlCilNS AND Or-JKCnVKS 



1. DarjjL^crH t'nun polluti<)n, forccastw 
that ini|»<irtant eiH*r{^y and [iiuicral rcnnur- 
cosi may ►3(H»n he cxhau stt'il, warninf^H 
af.^air:Ht tlu' dc HtiucfuHi of (M-plo^^ical 'tialarn c, 
tci^iIctlHT with a ti-Dublcd (■c)n^i(•^l'ru'(' (Mniccrr)- 
UH? the rhircl Worhl tuivc recently led many 
people to fear indurUriaUf^ation and t" feel 
uneawy about the benefits they continue to 
enjoy from it. Hut the material benefitK 
irtim induj-itrialiwation, by which the expec- 
tation and quality of life have ;;o mucli been 
unproved, are not be li^^htly unde rvalu(;d; 
and becaufie uuluHtriaUfiatiDn han b(?(!n 
f^lout'r and h^jfi marked in buildinf^ than m* 
other formti of [)roduc-ticjn, the pr(Hif)(»ct of 
benefitfi frfim the j^^r(»ater uiit; of indu-Ntrial- 
i!iOd methods remaitui temf)tinK. Since the 
moj^it important bene.fit that indurUrialiriation 
luiri conferr(»d i.^i that a j^r^'^it^'i* ci(»mand for 
/joruhi can be fiatir;f5(?d, it iii rifitural that 
the univerfjal increar;e m fi(»mand fen* (?du(*a»- 
tion with its ctHWiequent cltnnand for buildin^^ 
?.h<iuld partit ularly lot^k to indufitrlali^](^d 
builduu! methods for its fiatisfaction, 

2, Wliat, however, ifi meant by indus- 
trialised building, what are its character- 
istics** Wh.it IS the r(^al nature of ttie bene- 
fits it {-an briru^ aijfl what Wie lma/^in(;d'' 
What art? the partit ular needs, if any, f)f 
school builfimii^ as opf)osed to thos(? of buifii- 
inf' in i^eneial*' Wh.it ar<" the quantitative 
irnplicatKins of educ ational (iemancf What 
Kuui of fiolicMvi ancj .iflminiritrative arranf^(»- 
merits ar«* neederl if riuch f)ot(Mitial ari iridus- 
triali.sed buildinj! may offtM* is to b(? real- 
ised* The investigation whicli fias ( ulmi- 
nated in the present report was oritTinated 
as an attempt tf) dirjt over what answer?^ can 
be f^iveri to th(»^iI(^ qu«^ntions, 

\, Neither the inv(»Ntif^ation nor the re- 
f)ort were expi'ctefl to {)rovid(» a (V)mpT*eh(?n- 
fiivf* review of all alt(?rnative forms of in- 
(Justnahsed building, fJtill \v.nn an evaliui- 
.tif)n l<i efJtablifJh 'iome urder of nuM-it - £jucli 
^pbjcftivcfj woulcl hav(» i)e(»n in(M)nrjifitont with 
l^£iown fhffe r(mcer> in national circumfJtancer;, 
as w(dl ari with the refiources available for 



the invoKti^^ation, Ihc principal objective 
waK to clarify for policy-make rn the ccjnsnl- 
eratioris involved m UHUU^ industriali^ied 
bviblm^ metlu»db to best advanta^.^^ witii 
r('H[»e( t to ediu ational riet'ds and t(» national, 
financial and udministrati ve circumstances. 



iNDWsruiAiTSKi) sysit:ms I IIK aAsis 

OK STUDY 



4, The inv(?Kti^Tatiori started from an -s^ 
assumption - whicii was afttirwardt^ coii- 
firrnetl - th.ii decrees of indU!.ti iaiiJjation 
vsirfed wideiv from one se( tor of buildnu! ^" 
anerher. l)u! that, the [u-ec ise rneanin^^ 

of "industrialised" was op(?n to disput(;;^ a 
numb(M- of s(?lf-contained "kits of fiarts" 
(?xist(»d wliic h w(M'(? comnunily acknowle(lf^i?d 
to merit the tith? of "industrialised buildiiu^ 
syst(Mns". 'Die (^KCT) th(?refore n^atiiereci 
ton*'ther a rjuiall team of consultants, in- 
cluduu^ archit«;cts, an educationist antl a 
buildiru^ ('coriomist, to look at representa- 
tive examples of such systtnus ami the cir- 
cumstaruM's of th(M r use, with a rcnnit to 
look more widely if th«» ne(»d arose. 



SKKKCTION OF SYSTKMS KOH STUDY 



f). The f3(;lection oi (»Kanif)lerJ to(»li ac- 
count of thr(»e confiiderationfi, Orn* war; to 
study induritrialined builduifr ni ari many 
cf)untries as were neces.snry to reveal the 
effocts t>f flifftM-ent national circurnritancen 
- tt) which end sy^Jtenis were examined m 
Denmark, Franco, Italy, Switzerland, the 
United Km^^dtnn and, beyond Europe, m 
Canada and the United States. S(!condly, 
examples riiiould be drawn fr^nn th(» private 
.IS well as the i)ublir S(»ctors, in both (»f 
which systems were known to have 
nat(Ml, Finally, it was (»x[)ected that the 
( haracteristics of systcnns and tlieir applu a- 
tif)n niif^ht vary at ( f)r<liru^ tt) the apfJi tiat li 
taken by th(Mr t) r uvri«»^" i'-n I" the pr ivat(» 
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sector the approach would naturally be domi- 
nated by commercial interests which might 
or mi^jht not conflict with the objectives of 
educational building. Public originators, 
with no commercial interest, would proba- 
bly differ nevertheless in what they per- 
ceived as the key to success, 

6, Across both sectors the various ap- 
proachotj might in turn be dominated by 
factors which included the followin^r; 

a) an interest in expanding sales of a 
key product - for example steel or 
concrete in the form of structural 
components; 

b) commercial exploitation of the 
originator'^r design, management, 
fabrication or construction skills; 

c) a conviction that the key to suc- 
ce^3s lay in the maximum use of 
prefabrication, 

d) confidence in the value of capital- 
intensive «ite assembly methods; 

(?) belief that educational purposes 
demand the use of heavy construc- 
tion for acoustic or other reasons; 

f) recognition that the system must 
bo capable of afjsembly by small- 
ficale construction firms; 7 

, g) a policy of placing maximum re- 
sponsibility for design in the 
hands of manufacturers so that 
production tec^hnicjues may be 
ur;ed to befJt advantage, 

7. With all these conrjiderationfj in mirnl 
rnemberjj of the PKB St(?ering Committee 
(confiifiting of official representatives of the 
sixteen countrierj then participating in the 
Programme - Aurjtralia and New Zealand 
having joined iat(»r) advifjed the Secretariat 
on the f^y.sterrin which should be taken as ex- 
amplOfj. In the event, theoe syotemo did 
not cfirreopond precisely with all the varia- 
tions of approach which have Just been do- 
scribed. Indeed they revealed different 
approaches from those that had been tenta- 
tively ansumed; and in addition they formed 
oo to speak, observation platforms from 
which other** systems, witli other ap- 
proaches, came to be discerned, as well as 
attempts to improve the effectiveness of 
school construction which proved worth 
attention, but which in the end seemed to 
lie outfjide a supportable definition of "in- 
dustrialised building". Ml in all, the ex- 
amples can be regarded as broadly repre- 
sentative of the range of institutional ar- 
rangements, pro( uremerjt procedures and 
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technical solutions which are typical of in- 
dustrialised building. 



SELECTED SYSTEMS 



8, The following examples were selected 
for study. 



a) FYNSPLAN (Denmark) 

This system was promoted jointly by munici- 
pal and county education authorities on the 
island of Fyn in response to incentives pro- 
vided by the central Ministry of Education 
to encourage the use of industrialised build- 
ing. These incentives were offered in order 
to remedy the failure of the "traditional" 
building industry to meet the demand for 
more school accommodation; as a subsidiary 
element there was also a desire for impro- 
ved educational standards. The system was 
designed by a group of private architectural 
and engineering firms, Yhe principal fea- 
tures of the system (see note at end of this 
paragraph) are a heavy pre-ca^it concrete 
frame on a module of 3, 60m spanning up to 
10, aOm with floor-to-floor height of 3, 50m 
and capable of three-storey construction. 
Upper floors and roofs (either flat or 
pitched) are of pre-cast concrete slabs, and 
several alternatives may be used for ex- 
ternal walls. Stabilising cores are used for 
every 400m2 of floor area, 

b) CQIGNET (France) 

This system, like the BALLOT system out- 
lined below, is characteristic of those used 
in France for school building. During the 
1960s educational re-structuring and an in- 
creasing school population led to a demand 
for new construction which traditional build- 
ing methods could not satisfy. The Ministry 
of Education therefore instituted its Con- 
cours Conception/Construction (Design/ 
Huild Competitions) in order to encourage 
builders to collaborate with architects and 
engineers in devising alternative construc- 
tional methods; The COIGNET system, one 
of many v/hich either resulted from or were 
m^Tdlfied to suit the Concours, is of heavy 
concrete construction, with a planning mo- 
dule of 1. 80m and a normal span of 7. 20m 
between load-bearing internal walls, but 
with a maximum span of &. 00m. Upper 
floors, roofs and external walling are all 
of reinforc^ed conc^retc?. 



8 



(•) HAL LOT (France) 

With ori^jins similar to ihose of QOICIXKT, 
the BALLOT system is also of heavy rein- 
forced concrete but with a structural frame 
of columns at 7.20m in both cJirecticjns, 
Prefabricated timber fjanels can be use(J as 
an alternative U) concrete for external walls. 
Lightweight partitions on a planning gri(J of 
0, 90rn may be demountable and combine with 
the Ktructural frame to'offer some flexibility 
ill Uvti arrangement of teaching space. The 
system can be used to builti the maximum • 
number of storeys permissible for French 
school buihJings, 



d) FFAL (Italy) 

This system was designed by a private com- 
pany which was originally - as its name 
FKAL implies - concerned with making 
ferrous and aluminium products such as 
windows and modular partitions. The com- 
pany saw in the promotion of a building sys- 
tem a means of widening the outlet for its 
products and diversifying its commercial 
activities. Based on the principle of steel- 
framed* construction and the co-ordination 
of other c6m{)onents on modular dimen- 
sions, the details of components and mate- 
rials used an(i the (?xtent to which they are 
pre-fabricatetJ vary considerably according 
to the class of building required by a par- 
ticular customer and the locality where it 
is required. The com{)any has marketed 
the system for hospitals and t)ffices as well 
as for schools and for use in, for example, 
Germany and Czechoslovakia as well as in 
Italy, The company's interest in school 
construction wa^3 stimulated by the Italian 
government which, in supporf of the 19G0 
educational reform and the national need to 
speed school construction, allocated large 
funds for experimental projects in this field, 



e) CROCS (Switzerland) 

The name of this syfjtem derives from the 
Centre (Je Idealisation et d'Organisation (Jes 
Constructions Scolaires - in essence a 
group of private architects commissioned 
by the municipality"<>f-I^uBar^e« in grder to 
study the municipaMty's school building 
needs and how best to metjt them over tUo 
decade following 1965, After a detailed 
study of local etJucational requirements the 
Centre concluded that the needs would best 
be met by a jjtandard industrialirJOfJ system 
(Jev eloped for us(? in all the schools re- 
quired - which, iafaet, numbered only ten 



(containing 175 classrooms) - but which 
^•(jul(J b(» usetJ elsewhere in Switzerland, 
The system itself has a steel -framed struc- 
ture dimensioned in bays of 7,80m x 7, 80m, 
7,80mx 5,40m and 5,40m x 5,40m, Pre- 
cast concrete slabs are used for upper 
floors and corrugated steel panels for roofs, 
while pre -cast concrete {)anels and alumi- 
nium windows form the external cladding. 
Internal partitions are independent of the 
structural columns antJ include lightweight 
(Jemountable versions. 



f) CLASI^ (United Kingdom) 

This system takes its name from the initials 
of the Consortium of Local Authorities 
Special' Programme, The Consortium was 
formed in 1957 to exploit the potential for 
attracting the co-operation of component 
manufacturers and for obtaining more 
favourable prices by means of bulk pur- 
chase which was thought to be offered by the 
industrialised building system designed ori- 
ginally by one/^f the authorities, 
Nottinghamshire County Council, This ori- 
ginal system was one of a number which had 
been developed in the United Kingdom as an 
alternative to "traditional" building methods 
anti organisation, which were unable to keep 
pace witti the (Jernand for school construc- 
tion occasioned by a rising school popula- 
tion anci the demands of nationally instituted 
reforms in education; but its particular at- 
traction to other local authorities lay in its 
unique advantages in overcoming problems- 
of mining subsidence. Subject since its in- 
ception to continuous technological develop- 
ment it remains a lightweight system based 
on a cold-rolled steel frame. In its latest 
version (1972) steel decks are used for roof 
construction and pre-cast concrete panels 
for uf)f)er floors and, as one alterhative of 
several, for the external walls. Columns 
may be located anywhere on a 0, 90m x 
0.90m grid with a maximum span of 18,00m 
for roofs and 9.00m for upper floors. Max- 
imum number of qtorieu is six, excef)t on 
sites liable to mining subsidence, where it 
is four., Designed originally for school 
buildings, the system has been further de- 
veloped for use in multi-storey university 
laboratories, and has been used also for 
hospital, residential and community build- 
ings. Using the same underlying principles, 
the system has been applied in a number of 
othc»r IOuroj)ean countri^MJ - Frant-e, 
(lerrnany. Hungary and Portugal - but usual- 
ly with substantial modificat4()n to suit locaJ 
roquirernenls. 



MLTIIOI) (L:riiti'cl Kin^nh.ni) 

Developed by another conso rtiurn ol" lucal 
authorities, mainly in the Scjuthwest oit 
KiU^hmd, this system is descr-ibed by its 
sponsors as a ' raticjnalised tr-aditional" sys- 
tem which concentrates on the dimensional 
ro-ordination of a wide ran^e (jf alternative 
components ratlier- tlian on prefabricatiiJn 
or (h-y assembly, as does CI^VSP. Ther(» 
are tfirey types ol* loati-bearin^^ strucrture; 
load-beariruM)rick wallinf^, steel frame, and 
reirifor((!fl concrete. 'Vhv consortium has 
starulardise^l the frame, upper floods, roof 
and j-oof-h^htj?, staircases, -external walls, 
windows and suspended ceilin'^s^ The rotjf 
is a steel deck, upper* floor-s ar-e concrete, 
and external watls may be either br-i( kwor-k 
itv panels of timber or conci'ete. As with 
CLASP, the system is widely used for* a 
variety of buiLdin^.^s, * 



repositioin.»d as changes are made in the in- 
ternal space arran^^ements. Asscn-iated 
with the aystern is also a co-(jr*(iinated ran^e 
of mobile equipment and fur-nitur-e. 
One aim of the SKI-' system was tliat each 
element or sub- system, such as the li^^htin^^-^ 
ceilinf^ sh(iuld be capable of use m applica- 
tions outside the SKV system itself. In tin? 
I'nited Statc.»s the cijnsultant tearn visiteci 
three school building authorities (I)etroit, 
Albany and Boston) wher-e such sub-systeni 
had been inc(j rjjij r-ated into d(*r'ivations fr*(jrn 
the SEI'' system. 

^'t)t(* All the examples (uatlineii m this para- 
^^r-aph wer-e exarnmeci by the consul- 
tant team in the cour'se of the year 
11)72, I''ur'ther techni(.'al''developm(!nt 
has (rontinued in mos't ofothe syst(Mns 
since then, but the tjss(;ntial charac- 
t(!ri sties which led t(j their selection 
have n(jt mater-ially changed. 



h) SKK (Canada) 

Late in 19 65 the Metropolitan Tor-ontrj 
School Hoard instituted a pr*oject entitleii 
StucJy of I'^Iucational I''aciliti(,*s. With finan- 
ciaJ and moral support from the Ontario 
Department {>t IMucation and the Kducs^tional 
Faciliti("s Laboratories in \ew Yor-k City, 
thi.s study set out to "estiniatt.* the natur*(j 
and direction the chan^^^es fa(;in^{ tlie pub- 
lic educati{>nal system in Metr-opolitan 
TfM'onto. to recornrnnnd the kinds of 
school building facilities r-e(;[uir-ed tu accorn- 
moclate educational needs in the pr-esent and 
future, aiul to fl(»vel(jp a buiidin^^ system 
which wf)uld satisfy tiiese r-(K}uir-(jrn(Mits. " 
i'tie buildint^ system eventually developed, 
the SKK s>''»tem, was intended "to apply 
more effectively the [)r-inciplL' s of inoriular 
(onstrut tion in the achievement of /^'I'eater- 
flexibility of interitjr* desi^:(n" and "t(j r-educe 
the Cost ()i school building c?onstr-uction to 
prf)VifJe JM?tter value for experuliture in 
terms of functi{)n,' initial co^jt, en vii'onrnent, 
arul maintenance." The Jjystemjs of inte- 
rest principally because of the novel rela- 
tionshipfi establiwhcjd betw(?en the desi^^riers " 
f>f the*systeni (in the Technic-al Di i-ecto r-ate 
of SEK) and desi^^ners of the components (in 
prodmdn^ o r-/L^anisations), and becau.se of 
innovations in tencierin^ procetkires. The 
majtM* techn(jlo^:(ical features (of the system 
rc?sult fr-orn the ernphasis on provision for* 
future chan^U'- dernouritable and r-elocatable 
inter*rial partitions, a rn(?thod of ar*tifi(Mal 
lif.»htin^( vvhit^h is int(?j:jrate(l with a suKp(?nded 
ceiliru; uniform thr(ou/:^h(Jut the resulting 
buildit-u^s, and an air-(!onclitioninfj systern 
the inlets and (jutl(?ts of which can be 



MAIN STUDY 



9, Kxarnpl(;s havin[^ been select(?d, the 
consultant team ernbar-ked on studies of each 
case which wer-e b^(!d un available docurn(Mi- 
tation (U'hi^c'h s(jrn(,' times included (^valuation 
repor-ts), on visits t(j buihinu^s (not invari- 
ably sch(j(jls) constr'ucted in the system, and 
on inter-viC'Ws and rne(?tin|[is. Inter-views and 
m(H'tin^^s wer-e lield with systern agencies 
(that is to say, the agencies, private or pub- 
lic, r-esponsibU; for- initiating and designing 
the system, financing or cjther-wise rnanagmg 
its development, and for selling it or for 
(Jther-wise encour-aging its use); with schcjol 
building agencies (that is, the auth(jrities 
with dir-jL'ct r-esponsibility for letting building 
contr-acts) and, wher-e appr-(jpr-iate, with 
other- units of gover-nrnent, nati(jnal or- r-(?- 
gional, associated with S(-ho(jl ccjnstr uction; 
and with the archite(-ts, building firms and 
erhicationists concerned with the flesign, 
cf)nstruc-tion and us(? (jf buihlin/^s where the 
systern in question had been applied, 

10. The pur-pose of these studies was to 
examine: 

a) the or-igins of the system and thc« 
appr-oach taken by its or-iginators; 

b) the reasons that led K(-hool build- 
ing agencies tcj adopt the systern; 

c) the quality and other charac-teris- 
ti(-H of the finish(!d pr-cjdu(-t - in 
oth(;r- wor-ds, of buildings c-f)n- 

• str-u(-ted in the system; 
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thf I'dHtH t»f u.sin^i; the syHtCin^arui 
h(»\v they compared with the l oHt^-i 
nl u?-iiruT ^Iterruitive rntMhotJw; 

t!uf ('(JiisequetH es lor conntr-uctjon 
time and the possibility of time- 
rfavii^j; hy e(»mpar'iHon with other 
riu't.hodK; 

I'Xperience of evaluation aruJ (h;- 
veloprnent techniques; 

buildHU' procurement practjcew 
aHJ-ytK jated WMtii ushu» the liyiUem, 
In the.ev(!nt, the wtu(heK also 
. broui^ht tcj li^tht the effect cm in- 
(huUriallBed buihiiru^ reiiultun» 
trorn the r i- latiori.slupi> between 
eccjnomic, jnduHtnal ancJ fman( lal 
( ircumiitances and the fjrocure- 
ment ccjnfUcierationH conf>equent 
on thi*m. 



^ K()IJ.()\V-rP Sri DlKS 

II. At ttie (onrluriion of the rnam litutiy 
of r;fUMti-(l examples; a pr(?liminary r-efjort 
wa!i <lraftetl by an arc hite( t ( orjfJuHant in tlie 
team. Mr. Fraiu ctico (,nei ( hi-Hufictjnc. 
an(J ( u'culate(J iiy. a basiri ft>r wi(Jer (JifH-us- 
r^iion at'the OKCD Syrnporiiurn on S( hool 
Huildinf* and I^fJuc ationaJ ('Jiaru^e hehJ at 
Buxton/ I':nMJan(!. ui ( )f tober I f)7 3 (1). 
Thif^i revealed the ne(Mi for further litudy and 
('(jn^iitJeration of complexitie.-i which had ruU^ 
been fullv appreciated at the outJict of the - 
activity and a toJlow-ufj inver.tif^atJt^" 
then cnndu( tetJ by imother confiultant arc tu- 
tect, Mr. J. Maxwell Ander!>on, now Dean 
of ArchUecture at the rruverfjity of ManitobiJ, 
Cana(Ja. Heportii from the Jatter f.hed fur- 
ther u:>eful Ji^^ht on the topic \vhi( h war; tlien 
examineti once a^^aln by the oru^iual e-oruaiJ- 
tant team, by p(»rmanent nicMnberri of the 
Secretariat an(J by the Senicw A(Jviner- to the 
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12. Tlie pre.'^Jent report ii> larji'ely the out- 
(M)rne of thif> re-examination. However, 
while every attempt liar; been mad(» thrcju^^h- 
out to weinh tho accumuJated evidence ai> 
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objectively giK fKJssible. wome cJe^.rrc'e of Mub- 
je( tive jU(U^ement has been unavtucJable. 
Thiw.iK f)artlv (Jue t(j the pre.^ence of quali- 
tative a.-jpectw, fmi;t4y to the difficulty, in 
some cases, (d tracin/^^ clear reccjrdw of 
Costs and construction times, and partly to 
()roblems of comfjar-ison which are explained 
in the chapters which follow. Aw a conne- 
(iucyice, individuals m the tuiim may differ 
in tlie erflpliafiiii each would nivv to the many 
issueri dealt witli, ju«t aii each differs in the 
exp(M-tise and pers(jnal experience lie hur-i . 
contributed. Ku rtherrncj re, the study has 
(/vcM-lappe-d with others included in the Phj- 
^Ti amine on i;du( ationai Duilduu% (wie (on- 
'(Vined with 1 he Huilduif! Implu ations ol the 
Multi-Option Sch(JoM2), another with Pro- 
viding^ fcu' Future C'hanf^e (3), and a third 
with huUituti(mal Arranf^ernents (4); and evi- 
dence emer^irif^ frt)m theue cjtlier activities 
as they prtJ^rt^jsed haii been n(»ticecj by tho 
Secretariat as pertinent t(j the <-(jnclui;icjruj 
which can be drawn. It is therefore the 
Seni(jr Adviser lo the Programme, Profes- 
sor (iuy Oddie, whcj has had the respcwirJibil - 
ity of intcr-pretuu^ the findirifV'i of the uives- 
titVation in iho li/»ht of this wider evidence 
.and who is th^* auth(»r cjf the fjrerjent refjort. 
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i:?. Heference war; made in fjaraf^-aph 4 
t(j the initial assumpti(»n that, whatever 
alternative meanin/v> i^iir.ht be attached to 
"industrialised buildinM"i "industrial irjed 
buildin^^ fjystenifj" wer(» ecnnmonly acknow- 
ledj'ed to merit the (»pithet. Chapter II 
exammcMi tlie charaeterirUicrj cjf mdustriali- 
naticjn m [general, an(i ()f industrialised 
building in partici|lar. Therje charu( tcM'is- 
tics, it in ar^^Jt^d, not only jurjtify the un- 
sumption but, mc;re than that, imi^t^i^ni that 
induritrialirjati(jn in so nuu:h a foaturt* of all 
niod(»rn building' methc^dri that (inly in the 
(»Histenc(» of syst(!mri ean industrialised 
buildmf» be dirUin/^U3h(*d from buildinr. i" 
/»eneral. 
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14. Chapter II al.so points tnil that, hy its 
nature, any induM riali*=ii»(i huiidir^j nystiTn 
iinpoHi-s lAmw llrnitationw^cri the form and 
4 haractfr (»f the buildin^rc, f,,r whuh it 
u^>ed. Sui-h lanitatioru'^ would he iJna'r>M»pt- 
able Without offnettiniL^ (■c)mpen..ati(,n.s, ho in 
( hapter III an arcount f^,ivvn of the ^)eriefit^> 
which have in practice heen obtained. At the 
liarne tiriie, the f^^tiidiej, !>UHH^^^>t that the trend 
lc»war<]^> induiitriah!iation in f^earch of -jiich 
benefit;] coiihi m fact repre:>(»nt a dan^^er un- 
Ivr^H a ( (.nficiouw and porative effort ii;' made 
to enfaire that the particular needn t,f educa- 
tion are properly met. 

l.'i. I'he firm of these needi. m ( leariy for 
buildinfV'i of the kind and quality which ' * 
rnakefi them I'ffectlve in;it rumenti; m educa- 
ti(»nal practi(f. (•haf)ter I\' therefore ana- 
Ivfiefj trend:; in educatKmal practu e with 
resjpect to their- buildin^» implieatioru. and 

identifier^ f.orne of the criteria which in- 
durarialnied buUdin/^ riVfitemri uhoiUd meet. 

IfJ. In Chapter V furthe^- c riteria for 
huildin/^ fiyi.ternf; are indicated bv con.iider- 
iltion of the fitratej^^ic needrj of education. 
'Iheiie are the neiMlfj which dc»mand nal o'nlv 



the l iiiUt kind and qualiU- of bwiidin^T but 
-tiemand buildiru^r. in fuifficienl quantity with- 
in limits of time and co.^t (H)ni.if.tent witii 
planned (•xpans.ir)!) nr renewal <»f the fitock of 
' hool Iniildmi^ 

17. II induf.triali!.ed l)uildir^^ f.y?item!o are 
to meet'th(« c riter ia identifieci arid their po- 
ti»ntial benefit!, realif.ed, a lUimber of con<li^ 
tion.'^i hav(» to he met m the pr'oceii'.erj by 
which lichool buildin^vi are lipec died and 
f)nrchased aruJ m the arran^MTnentr. made 
f«)r the development at riVi^tenafi and the pro- 
tiU( tion of their compoiK^ntri^ Chapter VI 
tlealf-i with thef>e ( onditionfi |ind the f;teprj 
taken t(» meet them ui the elamplerj studied. 

IB. The nature of mdurU rialined buildinj^ 
lA'fUemi; mu h that their rnicce/jiiful ui;e 
harj depended on f;atir;factory relationrjhipri 
between thi» rnany clecn;ion-rnakm/^ elementr> 
concerned with educ ational buildin/% Chap- 
tt»r VII identifieri therie element/i and exam- 
iner; preferable wavfi of inter- relatin^^ thern, 
taking' due account c»f variationr. of /^ov(»rn- 
riHrntal [Jtructui-e encounter-ed m partici- 
patin/;^ countrier,. Chapter \'III fjummarujefj 
the conclufiion/i reached ar^ a rcfuilt of the <? 

i 
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Chapter II 

THE CHMACTERISTICS 
OF INDUSTRIALISED BUILDING 



STANDARD PRODUCTS AND 
PREFABRICATION 



19. Industrialisation connotes production 
by means that use machines in preference 
to manpower, and which concentrate both 
machines £^d suph manpower as remains 
essential (usually in factories) so that they 
can be constantly employed in an even flow 
of production. Industrialisation also con- 
notes a product which is produoefi in quan- 
tity *rather tfcan singly and wHich conforms 
to a repeatable standard of both form and 
quality. 

20. If these are acceptqd as i1;s connota- 
tions, industrialisation has occurred in the 
production of building components ever 
since machinery replaced manpower in the 
manufaclure of bricks and tiles, and in- 
creasingly since then in the production of 
doors, windows, floor beams, wall panels, 
structural components and so on. For de- 
cades iti the course of this development such 
components we re-%t&orpo rated into build- ^ • 
ings which were oti^eJ|Mse!«^tsite fabricated 
and this was no more ,tHkn an extension of 
"traditional" building methods. The initia- 
tive for designing and making such compo- 
nents lay with the producers themselves, 
who had only two criteria in mind: th« widest 

. market appeal and economy of prodnction. 
§Ut as the trend proceed^^^ thr^^^old was 
reached where' the initiative^^^STs taken up by 
those building designers (either associated 
witTi producers or with purchasing clients) 
who believed that thd building (as opposed . 
to the manufacturing) process might be im- 
proved by the use of products not yet avail- 
able on the general market, and who sought 
to maximise 'the use of standard products in 
order to maximise the efficiency of the 
building assembly process. At this point 
"industrialised building" began to emerge 
as a separately identifiable concept and as a 
distinct alternative to the "traditional". 

21. Even in the assembly process itself, 
powered machinery like cranes and hoists. 



as well as labour-saving powered tools, 
have increasingly been used from the 
introduction, of steam power onwards. But 
site use of labour-saving power is no more 
than the extension of principles of leverage 
and gearing that have so characterised as- 
sembly over the centuries as to blur rather 
. than define the concept of industrialised 
building if the use'of power is to be its sole 
distinguishing feature. 

22. Some builders, howevei*, have sought 
to make site operations even more capital- 
intensive by using powered machinery not 
only for assembly or for the bulk mixing and 
placing of concrete, but also for the site pro- 
duction of components. They have done so 
particularly in order to replace^ slow and 
labour-intensive bricklaying by. casting large 
concrete components in what are effectively 
factories, but located on site. Again the 
result has come to be recognised as suffi- 
ciently distinct from traditional building to 
merit the term "industrialised". 

23. As with industrial production in gen- 
eral, the components resulting from this 
extension of it are standardised in bo'th 
form and quality. In addition, like those 
made in off-site factories, these components 
are fabricated in their final form before 
being platied in position - in short they are 
prefabricated even though they are site pro- 
duciecl. Thus industrialised building is clos- 
ely associated with prefabricationC even if 
prefabrication need not be synonymous with' 
off- site production. 



-STANDARD! 



SYSTEIVIS 



24. The use of cojnponents 'which in this 
ser#€ are prefabricalted is not in itself suffi- 
cient to constitute whatis commonly reco- 
gnised as "industrialised building" unless 
they are used on a scale distinguishably 
larger than in the "traditional" case» When 
standardised components are^ in fact, used 
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on a scale large enough to make the distind- 
ti©ii perceptible they meet a requirement 
which further characterises industrialised 
building. Each component 'must be not only 
effective for its own particular functions, it 
must also be designed to fit in (or interface) 
with other standard componenJ;s performing 
other functions. In other words all compo- 
nents must be mutually compatible, although 
in some cases the interfacing may be made 
easier by interposirtjg special (i. e. non- 
standard) component"^ between the standard 
ones. Whole walls (including windows and 
doorways), roofs, flo^^-s and supporting 
structure, and sometirAes internal parti- 
tions, ceilings and other^lements thus come 
to be composed of components which, by 
virtue of their compatibility, form part of a 
system. Likewise whole walls, roofs, sup- 
porting structure and other elements are 
made to interface and so constitute sub- 
systems of a larger system. 

25. Where the word "system" is^more 
than 'a synonym for "method" it means<\'a 
relationship of interdependent parts", 
this sense any completed building may\. 
regarded as a system. In "traditional" 
building the relationship of the parts is 
'termined as the design of the building as a 
whole proceeds, so that the relationship 'is 
unique and particular to the building in 
question. But since industrialised building 
demands the use'of standard repetitive and 
mutually compatible components the rela- ' 
tionship by which they interface with each 
other must also be standardised and repeti- 
tive. The systerrt as a whole, not just its 
components, is standard. Thus, a further^ 
distinguishing feature of industrialised 
building is that the range of constituent 
parts and the manner of inter- relating thei 
.remain constant for all buildings constructed 
in the system, and each such building must 
conform to the discipline of inter-relation- 
ships which has been determined before the 
building itself is designed. 

2 6. Apar't from mobile homes, caravans, 
or very small hut- scale buildings, we cian 
find no example which consists exclusively 
of standardised components or of a standard 
system. The most compelling reason is 
that every site is unique in some respect or 
other, and therefore those components which 
interface with. the ground, with site services 
or oth^r site features are bound to be par- 
ticular to the site in question. Additionally, 
either for ease of fit or for economic rea- 
sons, -the disadvantages of standardisation 
may outweigh the advantages. Nevertheless, 



any building recognisable as "industrialised" 
will be c(f:tnstructed to a dominant extent by 
means of standard systems or sub-systems, 
that is to say to an extent where the systems 
or" sub-systems constitute the njA-jor limita- 
tion on the alternative forms th^t buildings 
incorporating them can take. 



DEFINITION OF INDUSTRlALISEIi 
.BUILDING 



27. We can no^ see that industrialised 
and traditional building have so many fea-^ 
tures in common - standardisatiSn, pre- 
fabrication, the use of powered tools - that 
the features which distinguish them are hard 
to identify, subtle and partly a question o-f 
degree. Nevertheless if all the issues which 
have been analysed are taken together it 
seems possible to hazard the following defi- 
nition: * ' 

"industrialised building (as opp^Dsed 
to alternate methods) means the con- 
struction of buildings by the use of 
pr^-determine(J standard systems or 

. sub-systems of mutually compatible 
pre-fabricated standard components 

^ to an extent where they impose the 
major limitation on the range of alter- 
native forms that any single building 
may take. " 



LIMITATIONS IMPOSED 



28. Bad buildings can result whatever 
system - industriall'sed or otherwise - is ' 
used. Sorrte ^standard systems are so limit- 
ing that they can produce nothing but crude 
and inadequate buildings; and even sophis- 
ticated systems, if mishandled by inept de- 
signers, pan result in buildings which fall 
far short of the desirable. Nevertheless, 
we have found many schools built from 
standardsiy'Stems which, either functionally 
olr aestKetically, are in no way inferior to 
the most sophisticated of those built by 
alternative methods. Thus while systems 
vary widely in the limitatioYis they impose, 
there is no reason why a particular system 
can not be so designed that it in no 'way re- 
stricts the production of buildings of a desir- 
able kind 6\r quality. 
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No sloping walls 



No/e-entranls 
on buildtng 
face without columns 



-No cantilevers 



No columns resting on primary 
or secondary spans 



\ / ^-r 

^ ' ^No non recteKMuTar 

building pUlirorms 

Nonon -rectangular j.rtl,^ 

planning grids 7^ 



He 



For re-entrant building plans 
columns mus.t be provided — 
at these points 



■ir 



No breaks in plans except at columns 



FijJtire 1. I imitations of choice iinnosed by one of the systems studied 
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Figure 2, The polygonal space arrangements of ihis 

German school could. na^^e provided by any 
of the systems studied; but this need not 
** constitute an educational disadvantage • 




29, Siitce the^ain work leading to this 
report was undertaken, a number of serious 
fires have occurred in buildings constructed 
in industrialised building systems. The 
number has qot been large but lives have 
been lost. As a result public anxiety has 
been aroused over the possibility that using 
industrialised building systems increases 
fire dangers. Although individual buildings 
using standard systems have been criticised 
for defects contributing to fire (iangers, no 
evidence has c^me to light which in any way 
suggestfi? that industrialised building systems, 
as such, need be inferior, as concerns fire, 
to more conventional alternatives, 

30, While it is conceivable that an excep- 
tionally talented architect, given sufficient 
time, money and other favourable circum- 
stances, may yet produce a better school by 
alternative methods, nothing inherent in in- 
(iustrialisecl building need prevent the same 
architect from developing a standard system 
by which equal results could be obtained. At 
the same time, it can not be denied that by 
their nature standard systems limit the 



choices open, to designers of individual 
buildings in terms of dimensions? and in 
terms of the components available in the 
standard range, 

31, This inherent limitation on choice 
may be seen as a disadvantage of industrial- 
ised building. Indeed, that it has been seen 
as such is evident from the resistance to it 
displayed by .many architects which we have 
noticed in our investigations. This resis- 
tance and, whether imagined or real, this 
disa(ivan'tage, ^have terminated several 
ventures in industrialised building. Never- 
theless, many ventures have flourished, and . 
son^e, particularly in England, have flour- 
ished to an extent that in many localities 
they have for more than a decade entirely 
replaced non-industrialised methods in the 
field of school building. The starting point 
for our investigation was therefore to exam- 
'ine the benefits ac^: ruing from industrialised 
building which have made its limitations 
acceptable, and which furthermore, may 
have stemmed from the limitations them- 
selves. 
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Chapter III ■ 

BENEFITS, DANGERS AND OPPORTUNITIES 



32. At first si^ht it rni^ht seurn reason- 
able to uxpoct that the usu of industr-ialistMl 
building systems for school building is 
cheaper and quicker- tlian the use of alterna- 
tive methods. To this expectation no gener- 
al or (Jirect confi r*mation can be given. Con- 
firmation will reflect what is meant by 
"cheaper and quicker". It will depend partly 
on the system itself but also on the arrange- 
ments whicli school building agencies can 
make for* obtaining the buildings they need 
and above all on pr*evailing conditions t^f sup- 
ply and dernan<J within the buihiing industr*y 
con(^€»rned. ' ^ 



CAPACITY OK TifE BtJILDINC] INDUSTRY 



33. Only in two countries (^f the OKCD, 
France and the Udited Kingdorn, can indus- 
trialised building systems be (liscerned as 
at all d{jminant in school construction, al- 
though the KKAL system, originating in 
Italy (1), has been widely uHe(i in that country 
and in others. In each of iHese countries 
industrialised building systems ow(? the'r 
origin and development mamly to the itiabil- 
ity of the conventional industry to me(*t all 
the demands i)lace(i upon it. 

34. ^ The United Kingdom was the first of 
these countries where such over -stretching 
{)f the industry becante :evident. In the late 
1940's th(* ne(Ml for a rajjid increase in h(^us- 
ing to rnak(» goocl the back -log of war*, for 
new factories, and for* schools both to serv(» 
new [lousing ar*eas i£nd to acc^Jmrnodate the 
extra nurnber-s 04;casioned by a raised 
school -leaving age, all imposed a heavy de- 
mand. At the same time the building indus- 
try was suffering from a shortage of skilled 
bruMvlavGrs and {)lasterers after a war in 
which few had been trained and those already 

♦> trained had been diverted, as had carpent(?rs 
and joiners, if not into military service, then 



X — 

1) FEAL is orjly one of a number* of systems 
used in Itaw, where indwstrialis(^d build- 
ing, if not Borninant, at least coritributes 
substantially to school constr^uction. 



into areas of pr'i^duction rnor'e imjKjr'tant in» 
war-tirne than building. Since then, wages 
and ui^r-king conditions in building have be- 
come pr-ogressively less attr-active corni)ared 
with those elsewher-e, so that the o'r-iginal 
post-war impetus Jias been maintained. 
Although France and Italy did not feel the 
str-ain immediately after the war* their rapid 
ec(;nomic expansion eventually prtjduced a 
similar- effect. In all cases th(" industrial- 
ised building systems have significantly alle- 
viated the consequent fir obi ems, but they 
have done so less as a substitute Uyr conven- 
tional building than as an addition to the i)o- 
tential of the building industry,' 

3r). In <his sense, gf (Mjurse, industr*ial- 
ised Suilding can be said increase the to- 
tal r*ate of output beyond what would be p(;.s- 
sible without it. Bift what can not be esta- 
blished from dire(^t evidence is whether, for 
any individual building, industrialisecJ sys- 
tems offer advantages in constr-uction time 
(^ver conventional alternatives when, the 
latter* are unhandi capped by labour* Kfior*tag(?s 
or other (*onsequences of over*l<ja(J. The 
reason is' that in such a situation th(?re is no 
incentiv(? to develop or use in<Justrialise(J 
building systems, on gr^junds (^f speed, since 
if schooj construction is fast enc^ugh ther*e is 
no ne(?d for it to be faster. This may be one 
reason, althou^^h other*s will be appar*ent 
from paragraph 42 below, why <Jespite well- 
publicise{J initiatives, industr*ialise<J building 
systems do not <Jominate schoc^l construction 
in th(? nnite<l States (^r* ('anada, where liigh 
building wages ar*e a jjowerful incentive to 
efficient management with high capital in- 
vestment behind each site workman. A(Jmit- 
tedly, even in the United Kingdom, there are 
some regions where conventional building, 
rationalised and well-managed, continues to 
maintain the required output, si<le by side 
with other regicjns where industrialised 
building systems have been in sole use for 
many years. Hut this can be attributed to a 
number of clauses, including the possibility 
that the continued success . of conventional 
building is largely attributable to the r*ellef 
afford(?d to the c(^nstruction industry by the 
use of systems in* the adjoining regi(^ns. 
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NfVfittiflcss. have no cvidfnct* tliat tu\- 
.antatjfs of s[)t»t*(l liavc Ivd ifuJu st rial - 

isfd huihiiii^T sv.-.tfins to i'e()la(:e altei-native 
nu'tlu)(i.s tiu'se hnvv jTinained within 

ttu* irulusfr v's capac Uv. U c art* thus led to 
I on( Uaii* that thf [ii inu* justilu ation I'oi the 
list* ot in(lusti'ialist»(l building systtMns is tht? 
inaiiilUv of tlu'- builchru' infiustj"V to inoft de- 
rnand without thiMn. Mius Die I'lrst hfiudit 
ti'oin thi* usr 1)1" uidiist nail S4'd building' sys- 
t» ins 1- thf extension of tlu» buil(hn^» iridus- 
t r-\ ' s potential. 

'U;. I'*(»r school building or for any oth<»r 

-"r of rlftnand wfueh the industry can not 
oMu'ruise satisfy this is justification c»nou^h. 
IJut bearing in jnind tliat industnali.sation in^ 
/general is sf) much itlentified wj^tli cost re- 
(hu tion, we inust ask vshy tht* prospect of 
such a benefit fuis not bei»n convinciuf:; 
enough for in<hist r iali s<*d buildin^^ systems 
tn displace all altt»rnati\ t's as tln» {•()nv<»n- 
tional mode for mei»tin^ all sector s of de- 
inarifi. * 



PUOWl .i:\IS OK ( OMPAH iSC)\ 



on buildings in which the mix is the same, 
or otherwise make adjustments to take ac- | 
count of differetu e.s, 

'M), Tiien there is the difficulty of diff(fr- 
ences in (Quality or f)erfornianc e - liability 
for futur(» maintenance, Iev(ds of th(»rnial 
insulation, noise control, or artificial illu- 
mination, or tht? even more indefinable but 
not less important cotisij:jeraticjn of aestluKu^ 
ac(;<*ptabil ity , 

40. Finally, w(» hnv(» the fa( t thafof the 
total buildmfT cost cjniy a \'ariabh» propor- 
tion can be attribut<»d to tlu» system used. 
*V\\{' [)rof)ortion riot only varies betwi?en sys- 
tt»ms but ev(»n bt,»tw(»en buildinj^s in tlu? same 
.system, suh (» it is affected by the unique 
features of tlu» building site. 

41. The difficulty which arisos in allowiri^ 
for all- tlu»se variables is rujl lesseru»d by tne 
fact that official re{^or(Js do not break dcjyii 
tlu» total {M)st of buildings in suffici(?nt detail. 
Consequently, we can cjffer ncj firm e\mic»nct» 
based ou m(»asurable data. Neverth^ess, 
we {^an report on a numbe-r uf indi/^tions 
which have considerable si^nifio^nce. 



'n. Hefle( tiofi u ill (juic kly show that to 
spfak of tht' cost of a systt?m, industrialised 
oi- other-wist», is m(»aninfTless. (*oinparis(jns 
can only be matle in t(»rms of buildin^^s con-, 
struc'ted in th(» systems concernt»d, and for, 
su( h comparisons in be at all rtdiable, ac- 
c{)unt netid.s t{) be taken of variables wliich 
intei-act witti each other in coniple*x ways, 

'M\, P.roadly speakhiji: tin* total cost- of a 
building; ecjuals the totlil fhyjr ari^a multi- 
plietl by tiu» cost per uriit of floor ar(»a 
(scpiai e metre or s(juar(».;fj:)ot). It is in 
t.cMins of cost per unit of^loor area that 
comparisons of system costs can licjst bc 
ma(Je, P.ut (jf tin* totiU ranjL^e of facilities 
pr'ovided within a Hcliool, wome ar(? i^i^^nifi- , 
( antly mor(» exf)ensive (e, ^i. laboratorie^i, 
or oth(»^ heavily serviced facilities) than 
oth(»rs, and th(» mix ii^; an important (J(»tei*- 
miriant of the cost per square metre. In 
part.thi.s jtiix r(»{)rest?nts an etJucational 
choice, in part it reflects the sldil with 
which tiie arcliitect conc(»rne(J fias inter- 
relatetJ each facility to tfie others in orrler 
to avoid wast€» of floor area or to shorten 
l(?n^^th.s of Hervi<:(» distribution or to optimise ' 
the total vfdume within whicfi the faciHtios 
are contained - and architectural skilTin- 
(?vitably varies. Sortie systems niay case 
more than oth(»rs tlie a()plication of this 
skill; but any attemf)t to compart* tlu* cc^sts 
of alternati\e syiitfins must eithe?' b(» bastni 



SOMK ixnicATiONS (;f cost 



42. 'The w'Tde publicity ^iven to the South- 
er rn Clalifornia Systems Develof)ment (SCSD), 
particularly by the Kducational Facilities 
Laboratories, \ew York City, persuaded the 
\letr(jp(jlitan TcjrcMitc) School Boar<l that an 
.industrial i s(»d system be <leveloped by its 
Study of Kducational Facilities (SKF) f^roup. 
Almost alon(» anujng system ciesigners this 
fitroup included cost redu<?tion as <me of its 
two primary objectives, the other tonf^ the 
provision of f^reater adaptability of (artificial 
lifjhtin/f^, services and partitions t<j\n(?et 
futurt? chan^;(» in education. The first series 
of schools built in this system proved m the 
(»\'ent to be more* f»xpenKive" than others bein^( 
built at the same tmu* and (»xce(»ded the 
standard limit of expen<Jiture then m force, 
Th(» advocates of th(» SKF system beli(»vt», 
althouf^h others do not ilf^rbe/that this was 
the worth-while i)rice for the extra-adaptabil- 
ity achieved under the second objective. 
They also fsay that the h'i^hef comparative 
cost was the result, not of the system as 
such, but of the fixed price {•ontra{-ts niad(» 
with suppliers and builders for tlu? whole 
seri(»s. Contrary to (?xp(»ctation, pric(».s m 
the buildinf? industry as a whole fell over the 
conwtructioil period, as a rej-iult of fallin^( 
demand, to levels lower tiiari the fix(»d prn es 
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ol th(.* SKI" sfi U'S. W t' uot o also fold by 
SI.'I' T'e[)t'i*sciitat ives tfiat the (]i*si^tivt's of 
l^dI^ uluai S( [iik)1s had i:^'*^' ♦I**: systtMTi 
in tht' riif)st ('(■( >ii( )rii i( al ly a(K atita^tiou s uay 
and that in flu' •scccjiid stTics, tlicii in the de- 
sign stam\ t^ii^ wuuld l)c r'crnc'dicd, U ap- 
pfai'i'd, liowc.cr, that if this ulm'c done, 
the limitation (in t ^ioic o uhich ( har actcM isod 
Uiis systtTii a^ it docs all stan<lar*d systems, 
Aoiild in( rcascd by (*( onomic considcfa- 
tujfis beyond the limitation nUier*ent ni the 
stan<kir-cl romponents and the I'equir'enients 
'd mutual ( (>nij)atihil it> . 

I't'()ni the Si;i' expenmetit u<* i iin 
(»nl\. itMif huh' that industrialisation pcM' se 
rtn[)lie .s no iniai'antee n\ ( < )st - sav ings. On 
tln' other hand, ever\v system-buiit sfhool 
c <implete(l in tfie I rnted Kin^niom since 
liad been contained uithin the standai'd limits 
of expcnditu fc imposed l)y the Ministr'vof 
i:ducation (1). I5> tfie timi« the fir st 20 Si:i-^ 
sciiools liad been .evaluate<j^ about 1,000 
scfiools hac! been built in only one of the 
I lUted Knu^d()m systems - CLASP. So ther-e 
IS even stton^^er cvulence that industi'ialisa- 
tion does not nn[)ly in any way that cost will 
incfea;-ie as a result. Iiuieefi the CI. ASP r-e - 
poi't ffir lfJ74, uiMltcn in a pei'ifxl of rai)id 
mflatum, shows that in the fifteen months 
to 1 .luly lfJ74, when the Hoyal histitution of 
Chartered Surveyor s Index of general build- 
ini,l costs rose by M) i)er-'(cnt, the cust of 
CCA'SP ( omf)onents I'ose by oidy 18.87 pvv 
f cnt. Pot the vear Pi72 .7!^ the equivalent 
fi^nit es were 2") i)er ( ent and f3. 8fJ per ( cnt. 
riiis evidence su^^ests that, whether or not 
f t)st benefits ( an be expected of all systeiTiS; 
they can c<'rtainly be expected of some. Hut 
tlie Br itish evideru c is i)ar'ticuiardy subject 



\) The ^arne may be saul of "non-iruiu.str*ial- 
if-icd" schools subject to the same limits. 
I)esj)ite r'lsin^j costf^i ^^ove r rurH*nt policy 
haw been t(; r'aine the limit of ex[)erulitur*e 
only wlien an intoler ably lar^^^e lujrribcM* of 
tender's ex( ceded it. This hai^ meant that 
scliooLs built at tiriies wIkmi pr*esKur-eH 
fr'f)m the lirrnt wer*e par^ticulardy \i^cute 
(tliat is (»ri tlie thr-eslioid of a hi/^h hinltK 
sometimes suffer*ecl fr'oiTi Icjwer' quality 
specification, lower* ceiling hei^htH and 
even r-eduction of educ ational fh)or* ar*ea. 
However, ther*(? is no evidence that 
w(;hools built in irulustr*ialised HVstcMn.s 
wer*(» at any greater* diKadvantaj^e in this 
I'espect than those built l.)y alter^native me- 
thf)(jw. See also Chai)ter*A', par*aj[^r*a[)h 
111. 



to the var iables we have mentioned. Since 
the systetTi of standar'd limits ()f expenditur-e 
^ allow all school buildings to r-eacli that limit 
the designer's of system-built scliools tend 
to use the cost benefit^.s to maintain starulards 
^)f quality and pei'forriiaru c aiui it luis not yet 
pr'o\ed possible to ciuantify the; fall-f)ff in 
such standar'ds r-esuUinf^ fi'om the inflation- 
ary effect on alteriiaTNe construction. It is 
un[)()r'tant to r'erriernber', also, that while 
costs ar'c an irni)or'tant conside r'ation and 
failui'e to build satisfactor-y schools within 
the Cnited Kin^Tdorn limits would kill a sys- 
tern, co s t - r-educ tion has never* been tlie pi'i- 
mary {d)je( ti\'e ofdii'itish systems. Tlie 
[ir'ime (d)jecti\e has been to maintain school 
building output desi)ite limitations on the ca- 
pacity of the builclin^ industry to meet cle- 
mand. This o[)j(»ctive has c(**rt.ainly been 
met; and there is no indication tiiat any in- 
dustrialised sy.stern is yet -tlu'catened for' 
lack of cost - cfjriipet i t i vene ss. 

44. we 'must, also take account of undeni-o 
abb* eviclence that in one case studi(;d, that 
of the Italian PIOAI. sy.stern, coidT'acts for' 
s( hool - building, both in Italy and c*lsewher'e, 
have been won/ by tlie i)r'omotin^ company , 
^entir'(dy as thci r'csult of more cf)mpetitive 
bifls.w \othin/jf su^^^ests that this lias r'esulted 
in buijdiri^s oif any lower* Htaiular'd. We can 
ther*efoT'e conclude that in sf)rne cases cir*- 
( umstantial evirlence points U) cost benefits 
wh(*n industr*ialised buihlin^ systems ar*(j 
used. We shall examine in^a later* chaf)ter' 
the conditions whic*h rnust be mot if these 
and other* b(mefits ar'c t**) r esult. 



COS T HANDICAPS 



4"). In coruiide r*in^ co.st savirr^s it is as 
well to make some r*efer*ence to disadvanta- 
ge's which inclustr'ialised building syst(!ms 
rnust f)ver*cf)me if a nnl benefit is to i*esult. 
The atttMn[)t to save ^Jc»\r•ce labour* on site 
leacls natur*ally to th(» uho of Htandar*d compo- 
nents which ar*e lar'^^e, bulky^ difficult to 
stor*e and whicrh, by c(jrnpar*ison with br*icks 
and tiles, ar*e needled in mu(*h mor*e limited 
quantities. For* this r*eason industrMalised 
buihlin^ components (*an benefit much less 
fr*()rn mass production or* sto('ki)jlin^ as a 
rtieans of sustaining p r*()du(*ti<)n in pC'r*i()dK of 
f^lack demand than (*an ho many i)r*oductK of 
industr*ialisation in ^ener*al. Since systems 
depend for th(»ir* effe(*t on tlu" mutual compa- 
tibility of i)r'cfabrMcat(Ml components, mainly 
ass(»rnblefl by dr*y techniques, the cornpf)nentH 
rnust be made to finer* toler*ances to ensur*e " 
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.a propiT fit; and higher* (Jirnunsional acftjura- 
ly can c(jst rnorx*, This is fKpecially n if 
it (Ifrutiruls, as it sometimes does, the,'iise 
o{ rnorc expensive basic material, Pjtttfabr-i- 
cated partitions ar*e an exarnple of thefio 
symptoms, their fir-st costH bein^^ in ni^any 
cases so much lii^her than labour- inteiiBive 
blockworU alternatives that their use t^}0,y be 
preferred only if the labour needed foi* tlie 
latter is unavailable. Finally, because the 
ran^e of components which are mutually 
compatible is inevitably less than the rfln^^e 
where compatibility does not need to be con- 
sidered, conviTitional building enjoys greater 
freedom to substitute one component for an- 
other to meet variations in cost and av£^il- 
ability. 



NEKI) FOR DKVIOLOPMKNT 



4(), In cases wliere the development of in- 
dustrialised buildinf^ systems has been $us- 
tairu»d by the continued inability of alterna- 
tive methods to meet demand, ways have 
been devised of overcoming all these dis- 
advantages. Hut they have not all been Over- 
come at first attemjjt but only progresfjively 
over a period of years, so that in practice 
systems which are currently "successful" 
fliffer considerably from their original form 
and their continued success demands contin- 
uous development to meet changing circum- 
stances. 

47. The opportunity for this is absent in 
most sectors of,Jt^y-Uding, Housing is the 



exception and hefe, as^jfvith schools, indus- • 
trialised building has IpBo flourished in niany 
countries (although in forms modified to 
take account of the fact that housing consists 
of large numbers bf smaller but highly re- 
petitive units). But the absence of opportu- 
nity for sustained devxilopment in all other 
sectors is probably t,he main reason why 
indu.'^Jtrialiroed sy^3tems have not yet become 
the dominant mode throughout building atj a 
whole. 



S/WINGS IN CON'STRUCTIOJS^IME 



48, Speed of construction is often seen by 
school building agencies as one of the bene- 
fits they have gained, is advanced as a 
claim by advocates of industrialised build- 
ing systems, and is a constant goal in front 
of system designers. What therefore are 
the factors that must be considered here? 



49, First, as we liave said, no industrial- 
ised building system, however much it niay 
dominate," acx'ounts for the whole construc- 
tiori of any building, so that time-saving po- 
tential over the building as a whole reflects 
the ratio of industr-ialised building to the 
total. This is cer-tainly the assumption made 
by designers who have attempted and are 
attempting t() incmrase the ratio. Hut tliose 
industrialised components which cost mor-e 
than non-induBtrialised alternatives may yet 
bring no compensating gains in time. We 
have found, for example, i<>^ses where tra- 
ditional blockwork was significantly cheaper 
for- inter*nal partitions than any industrial- 
ised alternative but where the extra time 
needed for its construction was not, in fact, 
significant. The blockwork construction 
could be tinied to coincide with other opera- 
tions, and it was these other* oper'ations, not 
the blockwork itself, which were critical for 
total completion time. Thus real tiriie 
savings are not dependent solely on the use 
of industrialised building systems, they are 
dependent also on how the industrialised sys- 
tem affects the critical path thVough the 
whdle operational network. ' 

50. To this is linJced a second considera- 
tion in which building differs from so many 
other kinds of industrial production. Be- 
cause of the tendency for every building to 
be unique, there is no- opportunity, except 
for repetitive housing, for site operatives 
to become as familiar with assembly se- 
quences and operations (is workers on an 
assembly line. In this nespect building sys- 
tems do, in fact, offer an advantage over 
alternatives because tjie standardised inter- 
facing of componeiitfii^mcrea's^s the possibil- 
ity of standardising assembly also. But this 
advantage can only be seized if the same 
assembly contractor can build a number of 
buildings in the same system, 

51, Taking these two considerations to- 
gether we find that not only do savings in 
construction time vary frbm one system to 
another, they vary even when the same sys- 
tem is being used, and depend on variations 
in building fhanagement and on the extent to 
which assembly contractors can gain fami- 
liarity with the system. Thus while evidence 
exists that savings in construction time have 
been made, there is also evidence that the 
savings can not be -relied upon unless a num- 
ber of other conditions are met. In cases 
such slb clasp, where they are met, the 
savings in construction time are consider- 
able, 

52. Just as the standardisation of inter- 
faces givcf] industrialised building an advan- 
tage over alternative methods for familiarity 
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with assfinhly, s(i tht* extent to which pre- 
laSr-u atitni re(lu{ es "uet" ()p(?ratioiis (in 
uliu h niatenals like eernent anj wand have 
tij be stdi'eci (iri .site, mixed wet for use aruJ 
t!ie Hi#rplu>i subsequently cleared away) of- 
fer s a further inhirient ativantajrre. I'his a(J- 
vanta^»e.is particularly beneficial when it i.s 
used to speed assembly ui the enclosing 
r(H»f and walls so that as many o{)erations 
Us possible, eviTi including' some "wet" 
foundation v\(;rk, can be independent of 
weather ccMuhtions. I5ut with the much more 
detailed kruiwlecJ^i' of the eompcments ami 
interfacMu! to be used than is normal with 
other methods, all site operations can be 
inore conficJently planned to interlock and 
t»verlap without the risk cif (me operation 
interfering^ with another. Thus \jpuO(J of 
assembly' . mainly perceiveti until recently 
•in terms (if saviruT in total rnan-hours (i.i*. 
productivity), can als(j be seen in terms of 
shortening,' the t(nal e(mstruction period. 
The iri'ifjortaru e (jf productivity will increase 
as wa^H'H rise, Pr(n'ided school construc- 
tion can be [nanrie(J far enough ahead of 
iu*ed, 'lerij^th u( ( (instruction period is of 
little consequence, Hut.thiH in a f;fia;it pro- 
viso, si?l(Jom met; and if hij^^i interest ratew 
aruJ inflation continue*, sh(M-tenin|^ the con- 
struction peri(jd will bec(jhie an increasing- 
ly important c/bjective. 



SA\ i\c;s i\ ni'XTSiox time? 



3:1. Irnpdrtant thouf^h the sh(jrtnoss of 
(•(mstruction time may be it is (jfteri of lews 
pressiru' imijot tance than the peri(nJ wliich 
elufjses between the initial deci«itn^ to build 
and the (Jate on whi( h construction C(jm- 
rne rices. Duriru» this period many decisions 
ha.e Ui be taken, including design decisions, 
approval of the dc-rjign both by the .Hch(K)l 
building agency itrjelf ariUJ^y authoritie^J 
yuch as those re<jponsfl)le f^yr-TTThAn plan- 
ning, public health and safety, including 
riafef^iardj^i agaui^it ?jtrnj(nural collapfjo or 
fire risk; following thi?se approval?] bidw for 
con^itructifm have to be nought, the f^iuccQtU}- 
ful bidder ?uust ascertain possible ^jourceB 
of labour* and tti ate rials and then af-j.senible 
what is needed from those .sources for the 
project to be constructed. All the^r-jo de(!i- 
sioriH take time. With conventi(nial nT(»th(jds 
every one of them has to be? taken nt\ each 
o( ( a;;ion that an individual building is c(ni- 
structed. Using iridustri»^il irjed building rjyr>- 
temu maiw of tliesc* decifJi(MUi need to be 
taken oru e (mly, no matter* h(nv many build- 
ingri arc* fn*oduced by the rj^ritem, ThitJ 



time-saving on decisions constitutes a 
major benefit and is the benefit lt*ast dis- 
puted by school building agencies, by de- 
signer's, supplier's ami builder's, 

04, ' In many cases indeed the decision- 
saving benefit has been the chief attr'action 
leading school building agencies to ad(jjjt 
staridar'd systems, Fhey Can see immediate- 
ly that tlie design per'iod ran be shor'tened by 
the fa(^t that the designer of the individual 
building is relieved (jf the need iu design 
ever'y detail afr'esh each tirrie^ (jr to search 
an unlimited field f(jr' c(jst-effecti ve C(nnp(j- 
nents - a fact e(iually appreciated and wi<le- 
ly agr'eed upcm by desi^aiers under pr'cssure 
to c(nriplete a volume of W(jrk in limited 
time, riiat a systerr; is available f(jr' use 
also implies that manufacturer's and suf)- 
pliiw's ar'e available and in a p(J3itiori t(j de- 
liver, if.rKU immediately then at least with 
a "lead-time" which is pr'edictable, a fact 
equally appealing to builders who are then 
rruire assur'ed that a^wembly can be more 
certainly related t(j deliveries, with mird- 
muni viBk of losing time. 



CONSIST I:NCY i)V PRODUCT 



55, Therv, in additi(m, quality-an(i-coHt 
jCTritn^ is easier' to awr^ure, with the know- 
i^edge that f(jr a given expenditure quality of 
product will remain (^(mstant wherever the 
'System is qsed, whereas with Conventional 
building it is ukj re* subject to the greater 
var'iability of wite super'viHiori, In offering 
this b(»nefit industrialized building syrj terns 
come nearest to offering one of the niajor 
benefits which conyurners in general enjoy 
from the industrialisation of product. This 
is the benefit that gooda are not only in 
ready supply but are alao of a quality which 
is not only acceptable but aloo reliable and 
con/jir^tent and can, furthermore, be sam- 
pled and evaluat(»d befor'C being purcharjed 
at firm pvicvti d(»clar<»d bof(j reliand, 

, 5f). A similar conf-jintency ai>{jlied in 
rerjf)ect (jf those aspects of building, jjuch 
as .structural perfprmance or methods (jf 
fire prote(!ti(jn, vvhicli ai'e subject to approv- 
al by autlujrity: the standards oi the system 
can be approved gnce f(jr all, ruj-matter- 
h(nv many buildiri|;s are constructed. The 
popularity of the VKAL system in Italy, we 
vwere told, was (mly partly due to its pricc» 
competitiveness: it war^ ahjo because th(? 
ufie of a standard synterri enabled sh(jrt cuts 
to be taken thr'oUgli, otherwitje lengthy ap- 
jn-oval pr'(jceduref'J. 
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Vi. V'iTJiilly. whiM'r_stjin(hu-(i systems have 
pr hvimJ <lur'ablc. dfrisior) tirru* lia;? bi*t*n ' 
-ii.cd by uxoidin^ thi' iicci'ssity, as it wvvv, 
t>f 'tPlu ays I*' - uiviMifin^ ttu* vvhi'cl, U*arri- 
iui\ Hic* li*s.s()i;s dl" i*afh a[)[)li(*ati()nj as wt-'ll 
as by taking accdUiit of ('han^iriK i-coriornif or 

hn(i U>;»iral t-onditioris. dcsi^ruTb hav(i 
\H'vn abb* stoadily to ii^pi-.uve tbc (quality tH' 

systfin and iru rcascf thf benefits it oJ- 
tt*i s. ? 



SCOFK KOK lU KK I'l'Ue'IIASK 



Tjil. An i*ar'ly a!'>su[nptu)n made by devi*)- 
opiM S ol" uuiUHt [ ialiscd systems was tliat 
t < iruponcnt produce rs woubl incur* higti capi- 
tal c(;sts vvfiicli thcii' pr'ices woubl have to 
rover, and that a lu^b v(ilurne of sak'S woubl 
be needed ia make pi-ucs eomp(»titi ve. Not 
unnaturally, they assumed also that thi* in- 
centive to pi'odutc a starulard component 
would iru rease with the* vc^lurne of sales 
was exp(M ted to attract. Acting ori the.se 
assumptions they furrru-d two objectives/ 
l iie fir*h»t wa.s to rninimij-ie the nurnbcM' of 
variants in tiny ratif^je of cornpornMits (e. ^% in 
a r'an^^e cd beams, to limit the different 
f^itaruJai'd bnuUtiH and depths or* in a ran^je of 
wall panels Ut restr'iet the standard hei^^hts, 
widtlis ancl firubhes available) and to exclude 
vJiei'evei' posf-iible the* UW(^ of special cornpo- 
nentii (i.e. specially made for a particular* 
inciijgidual buildiru^. I ht* second was to at- 
tr*a( t H i many pur*( haser s as pt)sfnbU' to 
cf)rnbine in i)la(*in/^ lar*/^e {jr*derw. 

fjO. Hes(,*ar(*h, U) which our own Htudy fias 
addecJ sorrif fur ttier ( onfiriuatlUHr ^^^^^^ indi- 
( atfd that buth afisurnptions and the (^bjec- 
rives basefl on them, ar e open to rjut'stion. 
rhe. CHOCS system in Lausanrn* was limited 
to only 10 bUlldir^^•'>, yvi iin economic via- 
bility wan not endaru^e r-ed. The l*(»af-3on ap- 
f)(»arK to be that the f^yntem wa.'-j d(Mvi juried * 
for prtxJuction by rnearn; that wer(» already 
in active unv - any extra tciolirif^ or* ( apital 
irrvestriHMit needed f(M* iWv CHOCS cornptj- 
ner^tfj beirij^ inrh f^nifi cant. Thifi iri f}(>r'hap.'3 a 
reflec tion of the cliarac ter, divernity and 
s( alt» of SvviHJ^i industrial enterpr*is(»£i and 
can r^ot therefoi*(» point to a generally v^sAii\ — 
conclusion. ,Hut it doen seem true that mj(*h 
capital (NjiUs as ar'e iri(*ur*r(»d are mainly in 
the form of toolirifj and that, j^ivCMi th(» tool- 
int% »^ wide rari^e of var'iantH can be made 
vtithout extra cofit, Kurtherrnon^ in con- 
tract tcj tiie» capital inveMtment neCMknl for 
many industrial products, that for buildin^^ 
i:oinp(jnents is comparatively low, Ihuu a • 
c<)mpar*ati v(»ly small volume* of productif)n 



is needed for the ca[)ital - recuve ry element 
to be significant in the total [)roduction cost. 
This beinj,' so, it is true that a minimum 
level of sales is needed, but that little can 
be fX[)ected fr*orri eeonorrues of scale in the 
str'iet rneanin^T d the [)hr'ase.. More impor- 
iant to the i)r*o(lucer, especially in an era of 
cash shortage and hij^h interest rates, i.s the 
[)ros[)eet of sustained levels of sale. 

00. \ i} question these early assumptions 
is not liowever* to cast doubt on the advan- 
tages of bulk [)urchasirij^ arranj^ernents but 
r-atiier* tt^ emphasise what they really are. 
Hulk purchase attracts keen prices and 
better* pe r*fo r*maru:e (in terms of quality of 
product and promptness of delivery) for fear 
of losing' a lai*^H" <)r*der* from an important 
customer. That these advanta^'es are s(j 
brieJXy stated does not lessen their* consider- 
able irn[)ortance. 

HI. If school building a^^encius have 
powers to coTnbine their* several require- 
ments to purchase in bulk they can clearly 
^.^ain theS^e advantafjes, whatever mode* of 
(*onstruction is used, in ne^^otiatiriK favour- 
ably for all kinds of building product. To do 
so, however, they need to reach a^jreemerit 
on what products to purchase, or, in other 
wor*ds, what pr*oductH s^hall be standard for 
all the individual buildirif^'s to be built. Thus 
a^^reerruMit to use a standard system clearly 
provides a ready frarnewtjrk to whicli bulk 
pu r*cha£3in{^; ar*ranf.»ements can ^le related. 



i)Anc;khs 



02, I''rorn all the fore^^oin^j it can be secMi 
that, Hubje'ct to certain (*onditions, the use 
of indujjtrialised buildin^^ system s can a 
1(^1^; way, if not all the way, to providing; the 
benefits which society has enjoyed fnjm in- 
dustrialised production outside and beycjnd 
the field of buildin^% Hocause the "certain, 
conditions" have only rarely been rnet, the 
potential benefitfj from industriali^jed build- 
irif^ have not yet been easily enou^^h obtaine(i 
to (HUablish it as the major rnOde of build- 
in^^ Yet pr(»ssureM to se(*ure the benefits 
remain stron^^ and at times appear inexor- 
able. Nothing' su^i^ests that the drift of 
skilled craftsmen away from the building 
industry is beinf^^ halted, still less reverse-d, 
so th(»re is an increasirifyly stron^j incentive 
to use systems whi(*h diminish reliance on 
them. Kor so lon^^ as ecoruirnit* activity is 
f.ubject to fjharp and sudck»n flu(*tuations all 
buildlr^^ a^^cmcies, S(*hool buildirif^ aj^encieri 
arnor^^ them, will seek to redu(*e 
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conHtruction time and will bq pressed even 
harder to take pre-cunstruction decisions 
with least possible delay. All these pres- 
sures expose school building to a number of 
dangers, ; 

fi3. The first (Janger arises from the pres- 
sure to minimise decision time. Such pres- 
sure naturally inclihes a school building y 
agency towards a svsti»m which ^s already 
available in adequate quantity on the market 
and to see urgency as more important than 
any limitations such a system may impose 
on the kind of school which can be built, 
Urgency may even outweigh considerations 
of cost-effectiveness. In short, the danger 
is that the system used may provide t6o 
many bacJ schools, 

fi4, ^ The second danger lies in the tempta- 
tion to (Jesiffn systems with no other airns 
than to maximise ease of production and to 
minimise the incidence of pressures on the 
building industry, again with too little re- 
gard fop, the limitations which may result. 



\ati;he ov limitations 



65, Using "conventional" modes of build- 
in/3 the (Jesigner can, in theory, have re- 
course to any component available on the 
market, or even have components specially 
made to suit his purpose, so that, with the 
further freedoxn To use brickwork or mason- 
ry, he enjoyn a theoretically unlimited 
choic(? by which any functional or dimension- 
al retiuiremc^nt can be met. In practice, 
e<-onomic and t(H*hnological conditions al- 
ways restrict. his choice, but the choice is 
f-Jtill wi(Jer than is available from a standard 
system,. This is not to say that 'a standard 
syj-^tem will inevitably offer, for example, 
* only one kind of vv ailing or roofing sub- 

syrjtem, but the need for mutual compatibil- 
ity tendzj to restrict the choice available in 
term^j of the materials uHod, of the profile 
of componeiljtJi-where thuy interface, and of 
their (Jimerunorwj in thicknerjn, length and 
wi(Jth, Thui; the more limited the rCmgu of 
alternatives vvhi^-h a standard system pro- 
, vi{les, the more it restricts the freedom of 
the designer to determine appearance (for 
which'he is rightly concerned) to position 
walls, cojumns and beams where they .will 
least obstruct space, to dotormine the posi- 
ti(jn, size and shape u{ openings, such as 
d(iors and windows, or to determine the 
cjverall shape of the building and its rela- 
tifUHJhip to the site. In short, the designer 
finds a stancJard system harder trt 



manipulate, and the difficulty of manipula- 
tion varies invei-sely with the range of alter- 
natives offered by the system, 

6G, « The wider the range of alternatives 
on offer, the less will be the demand for any 
one alternative. This leads in c<jnventJonal 
buihiing to a process o{ "natural selection" 
which eliminates alternatives for which de- 
mand disappears. Tlius if stand/ird systems 
are produced, as are most saleable products, 
by su{)pliers s(»eking t(j profit {vxnw meetirig 
a demand, pressures are a^itomatically 
exerted to develop systems (or sub- systems) 
for whicii the widest possible demand can be 
discerned. However, when all ( lasses of 
building are considered together, each class 
is found to have many requirements peculiar 
to itself and only a few which ure common to 
the other classes. Thus housing has special 
requirements wliich diff(»r frotn thosy^Of of- 
fices or factories, or of c<jurse from those 
of schools. The danger th(»n is tliat initia- 
tors (jr promoters of systems will orient 
their systems either to the largest <'lass 
(which is certainly not school buihling) or 
towards those r-equir-oments most conmion 
to several classes, Thi-s, in fact, is wliat 
has haf)p(?ned in many countries: systems 
have been developed for housing, for offices 
and factories - (»specially wher(» they ott? 
needed in a hurry; and sub-systems have 
been developed, to provide, for exampl(», 
walling which will serv(? equally well for of- 
fic(?s, factor'ies and, in sonu? cas(»s, housing 
also. 



OPPOH rUNTTIKS 



67. N()w if as the result of all the jbres- 
sures we have noted, industrialised bUilding 
systems increasingly r(»place less lirrliting 
alt(jrnativ<.» xnod(»s of building, there irrtiie 
further danger that school c(*nistru<:ti(m, 
being a T*{»lati V(?ly small class of building, 
may find its own sp(»cial requirements in- 
creasingly difficult to meet. Lik(» what has 
happened in areas f)ther than buildipg, the 
tendency (onld be for "consumer interests" 
to be sacrificed to "production ihterests". 

f)8. However, despite the automatic pres- 
sures t{) produce systems meeting th(» widest 
disct^rnible demand, f)r-oducers ar-e ready 
enough to cat(jr for a particular market if 
sales can be assured, and the study has 
shown that, in contrast to many products 
outsid(» building, the Volum(» of such sal(»s 
does not need to be v(?ry large. We hav(» al- 




ready touched on the evidence from the 
CHOCS experience (see paragraph 59), 
What is important, indeed essential, is that 
the special needs of the particular market 
- in this case school building - siiould be • 
made articulate and communicated to inter- 
ested producers. 

69, . We have mentioned also (in para- 
gra[)h 08) the objective of reducing variants 
but have indicated (paragraph 59) that as far 
as building components are concerned this 
IS not a prime objective of ^production. The 
need to limit variants arises much more 
from the need to limit the range of standard- 
ised dimensions to which components must 

—be producecJ if they are to be mutually com- 
patible. But neither production nor compo- 
nent c(impatibilij^ deniand that the variety 
of alternatives within a tjystem need be min- 
imised, uniy that they be conSTolled. And 
industrialised building is no less capable 
than other forms of industrialisation of en- 
riching the variety of components available 
to tl'ie consumer. 

70. C:iearly, none of the dangers can be 
averted by relying on conventional alterna- 



tives where these are patently inadequate 
for the building industry to meet demand. 
They can only be averted by the development 
of standard systems which secure the advan- 
tages identified earlier in this chapter while 
reducingUhe r-<?strictions placed on the de* " 
signer to a degree wheKe they do not militate 
against the production of satisfactory school 
buildings. Cases that have been noted in 
the present study show that not only is this 
possible but that such restrictions as re- . 
main can even bo an aid rathe,r than a hin- 
drance, in that they save effort on the de- 
sign of building detail and allow it to be 
transferred to a closer study of the user re- 
quirements whio^i school buildings must 
meet. Thus if the industrialisation of build- 
ing "exposes school building to certain dan- 
gers it also offers opportunities. But the 
investigation hix^ shown that these opportu- ' 
nities can only be fully seized if a number of 
important conditions are met. However, 
before exploring these conditions (in Chap- 
ters VI and V'll) it is necessary to discuss 
in some detail the nature of the requirements 
particular to schools Which indus^ialised 
building systems must meet. 

r . 
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Chapter IV 

RIGHT KING OF BUILDING , 



"SI\(;i.K-CHAI\" .SYSTKMS 



71, Manv bmldiiift !jyVit(»rruj hav(» b(»i'n cori- 
fi»iv(nl mainly ti) rncc^ i»rin»r'f^(Mi('iL»:i, I'hi^; 

\H (»5 4HM jally tr-iH» of tlii).s(» which Jj(?t out to 
sati.Nfy a t'<'n(»ral rnarla^t (JiMruirwJ r'athc»r- than 
that (»f a rjptM'iul fj(M-tur, rh(»ir' a[)[)(»al aruJ 
thrt^ fiuccofifj Uofi primarily in fjuvi&if^'; o.f 
(l(»( i.'Uon tinH», altliou/^h pr-ovi(J(»<J rjitewor'liii 
or ^jCM'virii infita^llation^j ar-(» riim[)l(? thuy can 
alfio cifftT riavitTf^H in^corwjt ruction tirru', 
\Vh(Mi i»mt»r-j[^cru-i(»f> .occur and r]p(M*{J {»f (J(?ci-, 
roion and ?gu[)[)ly iij th(» mout c()mp(»llin^^ con- 
fn(J(»ration, huiMin/;;j vvhitjh rticot th(» (»rn(»r- 
Wvxny froquc»ntly a.[>p(»ar- to off(»r cof;t riavirrf^rj 
alfio, but, thiMjc ufiUally r-«^fjult fr-orn 1ovv(m- 
jilantJarfJfi tif p<?r*f()r'man('(> aruJ tJur'ability, • 
which art* acc(»piabl(» in a t(»rn|)or*ary rjtof)- 
l^;*x\y but not ovra* a loru^ t<MTn. 

72, Sufli riyfitumfi ar-(» abh? to offor timt»- 
fjavin/T'i b(»caufi(» f>f their fnm|)licity. In ("u- 
!;(»n( (• they are baf»eti On a !;tantJar*i] unifor-rn 
bay, with an erwJ bay vai'iant, Tht* only 
builtlin^^ f{)rrn wliich can r*(»r]ult ifj a /jti*ai/^ht 
"{ tjain' of ntarular-(J bayr; with an end bay at 
<»ach *'ri(J. II the buildin^^ hafi tf) b(» for*rned 
of two ur' inof't* bayri laid jjide by ouie fur*- 
tber vanarit'i have to be irw luded in the fiVfi- 
tert'i, and the rnor'" vnriant^ th(» rni)re the 
tiriie- "iavin;^ ben(»fits tend to bo r*edu:i-(*d. 
The diaf^ram beh»w illufitrate^j in a mm- 
plifi(*d for*rn ttn» |)rinci[ile involv(»(J. 
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VI Vonortt to ntondatfl bay 



7'i. In practi( ev(»n a "rarif^le-c liain" 
fjyfjtem rVoodfi rni)re ttian two var'iantfi unhffUJ 
tlie only d<Mjr*ii ixvq in the* end- bay var'iant 
antj all Mtandar*d bayn contain a unifc»rrn 
Window. If bavfj ar*(^ r*(H|uir'ed without wiri- 
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dowH or if mor'(» tJvan one window fji/.(» 
nc»ed(»(l, .«ao* the number' of var'iant ri will n(M»rl 
to Ue int rtfaHed. rh(» ^^p^.ater the nee(J to 
Have-deci.sion time, th(» ft*W(»r t^e variant 
tlnit ar'e acce[)tabl(f and th(» more Ktner-e the 
limitations on [Jtjfisible buildm^^ for'm. 
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V vor^anJ'^) fioodnd (VI, V4'. V3. rt< } 

t^,^y^ wfur.n oilnrnfli vv.>H% ijp I'l Ifin ^.irT.p piann. vyrinrnn^ imp 
if V4 nitrrnoS no I In h(v, in a fjiffprpfti pi arm fruJ'i Iho nnn ii 
{)lMitfuj Trip Mln:o tViV.iit^ OtM.uunl't Iff !hn fJ»nrrr«nf O »w>»vvPOfi 
V;' anfj 0 . 
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74. "Sin/^l(»-chairr' riyfjtorn?^! ar(» brondly of 
two liunfrr fjh(» r't - rjpan and loiu^-fj])an. The 
fjhi)r't-fj|)ari [)r'ovHi(v.j a building d(»[)th of 
about V to 9 rnelr-efi and (effective r'oorri 
ht'i^Uitf^ u[) to abf)ut 2. \\{) in(»tr'etj. If i]pac(» 
j.'i the only c<jnrjidor'ation they will t)iuio 
aci ornmgdate ti'aditioruil (:la^;^jr•ti^)mfi for 
(?x[)()rjitor'y teacluri^^ arJ wtrll ar; labr)ratoric»ri, 
cr-aft ;n')omfj or* W()ri;jjh()pn, [)r'ovi(J(»d, of 
cijur"^>e, that all clacjrii'oornfi, et.c, aiM? re- 
lated .to eacti other- arj rriulti[)l(»rj of linhn in 
ttie (;hain. Hut, to m(»ntic»n only two enarn- 
plefi^of tti(* (effect of ttu» lower' [)er'for'rnaru (» 
[jtandar'dro eornrnon^in many of th(»Jje rjy.sternn, 
ttie ijound inrjulation will usually be made- 
quat(* to [)rev(»nt disturbance between ad- 
joininf^ r'i)()rnr], and if ;ier'vic(»fj, j)ar'ticular'ly 
water and draina^^«», ar'e n(»ed(>d, tji(»ir iri- ^ 
fitallation will r'(H}uir'e cuttin/' and fi?{ihn j.o 
tti(» [)r'(»fabricated cornponc^ntrj, which vviH 
offfjt't much of their iriher*«'nt fjavi'nfjjj (^f con- 
r.trMH ti(»n time and [)r()bably pro(hicc an uri- 
jjif^htly and inconvenit»nt r'eriult. 



75, The long-span systems, developed 
mainly for- industrial premisses, span from ' 
perhaps 15 to 24 metres and provide a clear 
internal height of 4. 50 to G» 00m» Again^ 
leaving aside considerations other than 
issf^ace, they are suit^le for' any educational 
activity which requires moi-e space free of 
qbstrHJction than a classroom for 30 or 40 
pupils - such as indoor physical education 
and games, and, to a lesser extent^ drama- 
tic activity »y But as* with the short-span sys- 

s terns, enviroTrfnental requirements bther 
thifn^space requirements - thermal and 
acoustic, for example - can only be met by 
yeon^derable addition or mbdif ication^ which 
[offsets any advantages there may be in time 

Jand cost, Long-^pan systems^-a^e usually 
single -storey, ^Wiereas short-sp\n systems 
often take a multi-storey form 

76, Unfortunately, wK^n emer gencijfs 
arise^ the presslire to take decisionsyquickly 
is so strong that only the spatial character- 
istics of single-chain systems (of enher 
kind) are taken into account^ whereas othex 
environmental characteristics (and short- 
comings) are overlooked^ especially since 
they are so much less evident from drawings 
and brochures. Nevertheless, emergencies 
can sometimes be so demanding that the 
shortcomings must be tolerated. However^ 
the use of such systems can only be recom- 
rnended if no alternative standard system is 
immediately ava^ilable^ and even then only if 
the accommodation is necessary to supple- 
ment the resoiirces of an existing school or 
to provide for a very limited first phase in 
the growth'pf a new one, ^ 

11 ^ iFrom this^ general recommendation 
we *mu94^ except the case of A^very small 
school of perhaps only one or two classes 
of 30 or 40 pupils each witere^tffe'mode of 
teaching is still purely expository. But such 
" case? are increasingly rare, both because of 
widespread urbanisation, with its demand 
for larger schools and the advantages they 
bring, and because purely expository teach- 
ing is no longer the sole mode of teaching 
in use and^the general trend is away from it. 

7 8. Many of the systems we have exam- , 
ined, specifically designed for school rather 
than general purposes, tiave sought to over- 
come the environmental disadvantages of 
emergency buildings which have been men- 
tioned. But some of these systems have 
still retained the principle of the single- 
chain, ThuSj while they ara capable of pro- 
viding classrooms, laboratories, workshops, 
gymnasia, etc,, which in themselves are 
J satisfactory^ they are not capable of pro- 
viding the kind of spaces wbfch many modern 
educational methods require. 



79, i^Two notable features characterise ' 
theS^ methods as far as building is con- 
cerned. The first is the reduced impor- 
tance of the "class" as the teaching unit, so 
that, whereas formerly every pupil tos 

* ■ taught for almost the whole time as part of 
a class of 30 or 40 in number, he now spends 
much of his time as part of a much smaller 
group or working individually on his own, ©r 
a hundred or so pupils may join temporarily 
together fo'r instruction as part of a very 
large group. The second feature is the wide 
variety of activities which may occur either 
• in^apid succession or even simultaneously. 
Some of these activities may occur in the 
same undivided space, while'some, ^hich * 
%f would disturb or be disturbed by other activ- 
ities, oi;' which demand a special environ- 
mentj occur in spaces exclusively reserved 
for them. 

80, Modern education is subject to so 
much experiment and to such rapidly chang- 
ing developments that no suggestion can be 
made as to the best way of.jproviding for > 
these two major features, out one example 

^ which has resulted from detailed study of 
modern methods will serve to illustrate 
them. 



IMPLICATIONS FOR FORM OF PLAN 
AND SECTION 



81. Figure 3 shows the block plan of an 
English secondary school which has been** 
recently extended in order to increase the 
number of pupils accommodated and to cater 
for the wide range of educational activities 
associated with comprehensive education 
for the 11 to 18 year a^e group. .The ex- 
tended building consists of the original 
building and a number of additional separate 
blocks, each tailor-made to a different set 
of requirements, 

Figure 4 shows the detailed, plan of one 
of th^se blocks which is int^nde^d to , 
serve as the headquarters of the 11 to 13 
year olds. This age group will use other 
parts of the total complex but will spend the 
greater part of the school day in their head- 
quarters» 

82 » Only three of the spaces in this block 
(accounting for only about 12. 5 per cent of 
the floor area) in any way resemble or, can ■> 
be usedNas traditional classrooms. Yet the 
number ofWipil's which the block may accom- 
modate at anyone time can be the equiva- 
len^oi Sb»ui>e^ight or nine classes. This 

y^ans that at any given moment some two- 
tftirds of the pupils are engaged on activities 
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outside the traditional classroom, with 
perhaps two claslses grciup^ together in the 
auditorium in the middle of fKe horth side of 
the block, another class in the science labo- 
raf??ry, and fhe remaining third disposed in 
the free-flowing spaces ^surrounding the 
southerrj half of the auditorium' All the 
pupils in this remaining third will be work- 
ing either individually or in groups of two or 
•three. Eacft may have a place at one of the 
tables as his working base, but wijj move 
frequently and freely over to one of olihe re- 
source areas to consult a book^ to project 
a film strip, or perhaps to work at a com- 
puter terminal; or^h'^ may go to get help 
from one of the se,veral teachers^who will 
be working in the same general ^pace. ° 
From time to time one of these teachers 
rriay gather a small group of pupils together 



and go with Ihem into the discussion room 
to talk over the results of their work. 

83. Not ail the activities pursued by the 
11 to 12 year olds in this particular school 
will take place in this particular block which 
is tfieir headquarters oi- base. They will 
move to another part of the building for 
music ajid drama, for example, or for arts 
and crafts, or for physical education. But 
it will be noted that in this one block alone 
quite a variety of accommodation is 
provided. Some of the accommodation has 
s.pecial environmental requirements, like 
the auditorium, or needs special servicing 
like the science laboratory. Other parts 
like? the group rooms or the discussion room 
need aural and visual privacy so that class 
'*and teacher can be undisturbed and will not 
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disturb the individual work going on in the 
general space; and each of these reserved 
spaces needs particular dimension's to suit 
the size of group which occupies it, 

84. As important as variable size of 
teaching unit and as environmental differen- 
tiation, and inextricably linked with both, is 
the fact that the duration of any particular 
activity is also variable. Where the class 
remains as the principal teaching unit the 
teaching day tends to be subdivided into pe- 
riods of equal length, with any particular 
activity lasting for only one period at a time 
or at the most for a double period. But in 
the kind of modern teaching for which the 
example is intended an activity may l^t 
from only ten or twenty minutes to a whole 
morning. Thus ohe group of pupils may 
spend only ten or twenty minutes in a group 
room while it is "brie'fed" for individual 
work in the "general" area which may con- * 
tinue for several hours, -or which, for some 
of the pupilSj may be interrupted by a ses- 
sion in the laboratory. Another group may 
start the day in the general area and then 
join another in the auditorium to watch a 
film for perhaps 35 or 40 minutes. A third 



may spentl two conventional 40 -minute pe- 
riods consecut-ively in the group room on 
the type of que^stion-and-answer learning 
which typifies older methods (1). 

85. The main consequeace o^ such a 
range of learning situations is increased 
movement by both individuals and groups. 
This in turn make s *de sirable the minimisa- 
tion of travel distances between one kind of 
accommodation and another which is a 
major determinant of the "deep" plan illus- 
trated. 

86. Now it may be thought that a simple 
rectangular block of this kind could perfect- 
ly well be provided by means of a long-span 
single chain system.* This would indeed be 
so if the system were able to span the 29m. 



1) In practice not all the working stations 
are occupied at the same time, some 
are always free; otherwise such flexibil- 
ity in activity duration would be impos- 
sible. Roughly 280 working stations are 
provided in this example for a nominal 
240 pupils based in the blQck. 
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(97 ftj ) represented by the shortest overall 
dimension oTthe block. But such a span 
could only be obtained by means of very 
deep and expensive beams. To avoid this 
arrangemt-nt of intermediate supporting 
^ columns is needed, and a systerh is needed 
whicTi provides {pr therfi. Furthermore^ a 
deep plan of this kind poses problems of 
illumination; fos adequate natural lighting 
of space remote from ftie windows roof 
lights are* needed and the system must pro- 
vide for these also, 

87. Figure 4 illustrates only one block of 
a comf^lete building. Figure 5 illustrates a 
complete building intended for 240 children 
of the 9 to 13 agi' group (4 year cycle). De- 



signed for a somewhat different mode of 
teaching, the general and practical areas 
are sub-divided into spaces suitable for 
class-unit teaching, but nevertheless, out- 
side each "classroom" are bays of varying 
length in which individuals or small groups 
may work on their own. And, just as in the 
previous example, fhese general areas need 
to be closely related to the "reserved" areas 
for more specialised purposes such as cook- 
ingt painti,ng, pottery, workshop crafts and 
so on, Because teaching space is always at 
such a premium, advantage has beeTi taken 
of what in this case is a favourable outdoor 
climate to provide three internal open-air 
courts and an external verandah into which 
activities can overflow or which can be used 



Fii;ure o. A self-contained school building for 240 children aired U to 13 
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for tht» study of plant.s, small animals and 
birds. Note also tJiat the space for pliysical 
education, music and drama (roof- lit as well 
as side-lit) is about four times the size of 
any of the class work room^i, with the con- 
st»quence that it also needs ti) be higher. 

Tti provide a buiUHng i)r tiiis kind a system 
not only needs io pro\ ide var-ious span->, it 
also needs to provide various roof or ceil- 
infi heifihts and to provide for* internal as 
well as exter naL^cor-ners. 

88. Both examples so far shown are of " 
siti^j;le- storey form's. If sites are larjcje 
enough much c)f the accommodation needtMl 
for modern primary and secondary eciu ca- 
tion will preferably be at ground floor level. 
The reason lies in the need for easy inter- 
communication between the various kinds of 
accommodation which tends to^vards the deep 
plan (even the second example, with its in- 
ternal courtyards is "deep' compared with 
a single or double -banked corridor plan) and 
the consequent need for roof lighting if na- 
tural lighting is desirable; and if natural 
lighting is tlispensed with then other prob- 



lems of both artificial lighting and artificial 
ventilatitjn militate againfit" such, plans in 
multi- storey form. Nevertheless cases 
occur, and in secondary education they 
occur fr-equently, where to confine the whole 
of the building to single -storey construction 
would I >t only be wasteful of land but would 
extend Uie building beyond the limits where 
horizontal inter -communication was easier 
than vertical. 

89. ThusfAr some- cases systems ne^»d to 
be capable of pr-oviding for multi-storey as 
well as single- storey constructions. At the 
same time, the need for easy inter-commu- 
nication between the various parts of the 
school demands that the multi- storey part 
should not have to be confined to a separate 
isolated block or blocks. The kind of inter- 
facing which may be needed between multi- 
storey and single -storey accommodation of 
different heights is exemplified in Figure 6. 
And not only may storey heights and numbers 
need to vary but, except where flat sites are 
general, the system may need to be able to 
provide for changes in ground floor level 
also. 



{•'i^iire 0. tnterfacing between inulii -storey and single -storey Figure 7, Another example v/hlch allows for rliange In floor and 

at'totnodatlon of different hetj.;ht3 roof leveis ^ 




IMPLICATIONS FOR INTERNAL 
ENVIRONMENT^ 

90, So far we have mainly been discussing 
the implications of modern educational me- 
thods for the forms that a system may have 
to provide for in th^ plan and sections of a 
building. We have mentioned in passing, 
however, (paragraphs 79 and 83) the needs 
these methods impose for a range of differ- 
ent environments suited to different activi- 



ties. Painting, clay modelling or pottery, 
for example^ clearly demand a different en- 
vironment from, say, a group discussion 
room. The latter needs a floor finish 
.which is warm and comfortable, and arti- 
ficial or natural lighting which is domestic 
in character, Th^ craft space on the other 
hand needs a floor finish which will not sim- 
ply be easy to clean but which Will not in- 
hibit activities which are necessarily messy, 
(We have noticed many examples where car- 
peting has been provided In such spaces, the 
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architects claiming that it was no inore ex- 
p<?nsive and just as easily cleaneci as any 
alternative, but the teachers feeling con- 
strained to cover it with untidy polythene 
sheeting). And it needs a form of lighting 
which not only provides sufficient illumina- 
tion, but. the right kind - both for the paint- 
ing and for revealing and moclelling the three- 
dimensional form of pottery or sculpture. 
Uniformity of environment throughout a 
schooi restricts the range of educational 



opportunity, yet some building systems we 
have seen go to great lengths to provide it, 
And what applies to floor finishes or lighting 
applies equally to acoustics or the thermal 
environment - the acoustics of a music room 
.need to be different from those of a general 
work space, just as the heating and ventila- 
tion requirements of a sedentary activity 
differ froln those of an activity like craft or 
dramatic work. 



Figures h jUc range uf S( hool aeiivliy spans (roni ihe soliiary pursuit i>f 
and st holarship - outdoors as well as Ui - to bt)isierou5 ^youp i oni 
peiiiion or group ti)-operaiion 
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.91. Services fall broadly into two caU'^o- 
vivs: those such as huating. vcMUilation and 
ii^^hting which art* usually nfudcd fur ariy 
luiui of buUdin/^ and secondly tlicKse winch 
distribute the electrical power nv water 
needed for specifically educational purposes. 
Modern education in< r*easiri^ly relies on 
devit es such as audio- v isual aids and has 
intro(hKe(l practical work into subjects like 
fustory, i»eo^raphy and inatheniatic.^ which 
otu e wf rcv learned aliiu»st. solely from hooks. 
As a conse(juence pow'i*r and water su[)plies 
(and the draina|:jfe associated with the latter) 
are needed to a much ^^reatiT de^^ree than 
foriiUM'ly and, moreover, need to hi* widely 
dispersed throuj^hout the huildint; rather 
than ( oncentrated m one or twTj hr^^hly ser- 
viced areas, although, of course, some 
areas, like those for science or ( raft work, 
may still be more hu^hly serviced than 
others. I nless tlie building; .ystein is dt*- 
si^^jjed to permit the easy installation of 
"thfse servi(^es it is likely that construction 
time saved by the system will be offset by 
e\tra time needed for the services and the 
finished 'result will be cumbersome and un- 
wu'htly. 
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93. Sfjiiietimes u^jlinoss is excused on the 
)[^rounils that it re^jult.s from economic exi- 
ttencieii or the function the building has *to 
serve. Hut the cultivation of vifjual aware- 
new.s and aesthetic sensibility is as much an 
objective of (?du( ation as the provision of 
knowled/i;e antl skills. So a school buildinjtjf 
which is u^^ly can ntjt be excused on aconomic 
or functional jjrounds wince? it in not f'unction- 
iuff as wcdl as it shtjuld. VVc? have seen sornt? 
:iehools built in industrial systems to which 
thifj stricture certaitily can not be applied, 
and where? indeed the visual environment 
providcMl by the school i.s p(?rhaps the first, 
aid to aesthetic e(lu(!ation thai th(^ (4iildren 
attendin^^ it have ever enjoyed. Hut we have 
seen too many schtjol buildin/^s where, in- 
ternally as well as ext(«>rTially, the need for ' 
visUal quality has bt?en for/jotten in the 
search for t(?chnical solutions to utilitarian 
probhmis. 

93. Whether a building; is visually pleas- 
ing ifj often deperuhmt on how well it "fits in" 
with its wurroundin^ts. Mnlorjs, of course, 
tlie stir round int^s ar(? themf3(dves u/Lfly, it 
needs to b(^ sym{)ath(»tic to i\w ^umiuf] loci. 



Failure in this respect is common with mo- 
dern building, indusf rialised or not. Hut in 
recent years the (M)ncern to rernedy it has 
rapidly increased. It is particularly impor- 
tant, huvvce?', iii the cast* of industrialised 
building systems; since buildin^^s construc- 
ted in them may be built in a i)umber of dif- 
ft?rent localities each of whu h has a specrial 
architectural character jjf its own. To the 
extent that this is so, a system may neetl to 
include a number of altertiati ves in those 
, comp(ments wliich affect external appearance. 
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94. The characteristics of modern educa- 
tion outlined above are representative of a 
fl^vowiniS, trend, but the manner in which 
tliey are inti*rpreted or jjractised varies 
from (jne country to anotiier, or even from 
one locality to auDther according to teacher.**/ 
preferences and their perceptioi^ of educa- 
tional objectives and how best to me(?t them. 
FurthermoT'e, in each case they have devel- 
oped cjver the years acc(jrdinK to different . 
patterns. In all cases they ari" devehjp- 
ments away , from a, starting point repre- 
sent e(l by h(jok-learnin^j( and class-unit (ex- 
pository teach in;^;. Si^me countries, because 
of pr-evalent attitudes to teacher-trainin^jj 
and other aspects of the mana^^oment of edu- 
cation, fiave moved much less far than 
others fi'om the common starting point. 

And in all countries some individual teach- 
ers remain closer to the stai|^inR point than " 
others and may tend to resist change and 
innovation to a de^r(?e 'where they could pot 
be expected to work effectively or at ease 
in buildin/:;s desif^ned for teaching methods 
which lie outside their experience. On the 
()ther hand, ,ther(? is no evidence that the 
pat:(; of educational change is slackening. 
On the contrary, since effective education 
must rt*spond to social and eeoncmiic: change, 
the almost violent chan^jes now o(:(?urrinf^ in 
industr-ialirJOd societies Hu^n^Hi that the 
educational (-han^^e in the next decade or so 
may be ev(»n more marked than in the last. 
From the^e considerations emerge two 
{)oints significant for school buildings and 
building systems. These two points are in 
a sense two horns of a dilemma. 

95. First is the recognition that to be ef- 
fective a school building must suit the educa- 
tional methods prevalent when it is brought 
into u*se. Secondly, w(? Iiavtrtlie inconve- 
nient but in(!ontrovertibl(? prospect that such 
a building will outlive tlie methods for which 
it was origitially conceived and may then 
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haruJicap and certainly injjiLbit subsequent 
developments, ^ ^ 

9H. Another activity in !the OECD Pro- 
^^rariune on Kducaticrrral B^iilding is <le voted 
to this critical problem o(( providing for 
future ctuui^e, and for an ^ic count of the in- 
vesti^ationH which have b^en conducted 
readers will ntjed to refer* to the report on 
that activity (1)» All that is possible in the 
present ( ontext is to draw attention to those 
of its conclusions which are relevant to in- 
dustrialised building systems. 

97, Fhe activity has shown that a distinc- 
tion can usefully be made between the adap- 
tability of a building on the one hantJ an(J, on 
the other, its flexibility. Adaptability is the 
capacity for physical alteration by reloca- 
tion, ropla(!ernent and removal of compo- 
nents or by the addition of further compo- 
nents. Flexibility is the quality of a buihJ- 
ing as it exists at any point in time which 
allows for ( han/[]fe in the pattern of activities 
it accommodates without recourse to phy- 
sical adaptation, I'hus the ^^reaterllie flex- 
ibility the lon|^(er;^e ntu^d for. adaptation can 
be postponed, 

98, KJcxibility depends on thrt?e factors; 
the diversity of accommodation included in 
the buildin/^; the balance between ^^eneral 
work spacer and the specialised work 
spaces - which, themselves (-{nistitute the 
(Jivi'rsity; and the spanal inter- relation- 
ships bi?tween the ^(eneral ancJ (lie special - 
isi'd. In (jther Utu'ds it is a function of con- 
tent and planniru^. ncjt of thi? manner of con- 
strut tion (»r of the building sy em. Dc? spite 
thi - flexibility has implications for building 
systems, Huilciiri^ planned on corridor 
lines for educational modes near to the ex- 
pository starting point^are unlikely to pro- 
vick' for the diversity, balance* a n(J inter- 
relationship of accoriimodation nee(Jed f(5r a 
hif^h level of flexibiJitV, Thus if future 

< haiu^- is Ui be provi(Jed for, systems in- 
tendj-d for thf?se educational rno(J(?s tummJ to 
provide for adaf)tabihty even more than 
thosf? inten(Je(J for more "nio(Jern" modes, 

99, The most strikin^^^ fa(!t that has 
enier^^ecJ from studying '(Jeveloprnents (Ji- 
rectecJ towar(Js in (greased a(Japtability is 
that they alm()st invariably regard tlie re- 
k)catability of partitions as a prime objec- - 
tive. Very little Attention has been paicJ to 
a(Japtability of e.^ternal walls or roofij; or 
upper floors. The assumption has been 



1) Prov^iding for Future Change: Aciaptability 
and Flexibility in Sctiool Buil^Uj/ op* cit. 



accepted without question that the demand 
for physical alteration arises fro'm a need 
to alter the pattern of internal spaces which 
partitions demarcate and separate, and that 
the 'occupants of school buildings frequently 
want to change the size and shape of rooms. 
But this importance placed on partitioning 
is based on an almost total misconception 
of the real educational need, 

100. Certainly, the study has revealed real 
cases of adaptation where partitions in an - 
existmg building have be fen pulled down to 
mal^ea larger space, or where new ones 
have been inserted for sub-division. But 
substantial evitJence shows that the size and 
shape of spaces is for most teachers a very 
minor inhibition when they seek to change 
their etJucational inethotJs or introcJuce new 
activities. The oYily notable exception is 
where classrooms (Jesigned for expository 
teachmg prove too small for the more active 
learning processes which inrH»asingly char- 
acterise modern education, particularly for 
the younger children. This exception apart, 
the demand is usually first for extra ser- 
vices, especially water supply and drainage 
serving additional sinks for purposes of 
painting or clay-modelling or for sciitmtific 
'experim^ents"; or for electricity supply, to 
illustrate aspects of science again, or to 
facilitate the use of audio-vispal,,aids. The 
same tie sire to extend the range of educa- 
tional activity creates a demand for different 
kinds of floor finish - which for example 
will not inhibit "dirty" activities or conver- 
sely which will encourage children to sit on 
the floor as they might sit on a fireside rug 
to listen to' a story told at home - some are 
fortunate enough to have Ihat kind of home, 
and the facility is even more important for 
the less fortunate,. The demand may equally 
be for new light sources or for darkening a 

■ naturally lit room in order to see slide or 
film projections, or for extra sound absorp- 
tion to retJuce the noise level resulting from 

' the active learning processes rofcrrfctJ tt). 
These are the (Jemands which adaptafc\ility if 

. it is to be useful must turn to satisfying, 

101, Misplaced emphasis on the relocation 
of partitions has tended to cost money whit^li 
would .have b(u?n better directed towards 
other objectives. The partitions themselves 
have cost more, and costs have also been 
increased by usin'g much larger beam spans 
than would otherwise bo necessary in order 
to allow maximum latitutJe for future parti- 
tion lo(!ation. Furthermore, to fat^ilitate 
relocation, uniform floor to ceiling heights 
an(J uniform floor and ceiling finishes have 
been usetJ throughout the buildings con(!erKed, 
directly contrary to the nee(J for (Jiversity 
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which modern education demands and to the 
flexibility needed to facilitate change of ac- 
tivities. 

102. The study has suggested a strategjf " 
for maximising adaptability without higher** 
first costs or sacrifice of diversity for 
present needs. In essence this strattJgy may 
be summarised as resting on a policy of 
"pay-as-you-go" rather than of "pay-in- 
advance". To spend ifioney on maximising 
the relocatability of any component in the 
building is to pay in advance. To defer any 
expenditure until adaptation is actually 
needed is to pay as you go. The strategy to 
be adopted is to design what is needed in the 
present in such a way that, without incur- 
ring additional first cost, expenditure on 
subsequent adaptation will not be incrreased 
by the nature of the initial provision. Re- 
location is less important to adaptation than 
replacement, removal, or addition. As a * 
consequence, the evidence points to the need 
for buildings in which some elements are 
permanent and unchanging and to which 
other elements can -be added, removed or 
replaced as and when the need a.ri^3e^J. Here 
the common technoLpgy of structural frame 
rather than load-bearing wall is an obvious 
starting, point. But above all, efforta to 
facilitate adaptability need to be directeti 
mainly towards additions to service inr^tal- 
lations and towards thu removal and replace- 
ment of finishes and fittings. 



CXDNCLUSIONS 



103, Taking account of the wide range of 
educational buildings for which any indutj- 
triali8e<^ building system may need to cater, 
we can now draw a number of conclusions 
concerning the selection or design of such 
systems if they are to meet the criteria im~ 
plicit in educational needs now and in the 
future, 

a) A buildiijg system is only as good an 
the buildings which its limitations 
allow to be built. So the most thor- 
ough investigation of its capabilities 
is needed before a system is chosen: 
or if a new system is to be designed 
an equally tho)rough investigation is 
needed of, all the educational require- 
ments it will have to meet. 

b) The simpler the educational require- 
• menta the greater the limitations 

which can be accepted and provided ^ 
all sites are flo^^^r nearly so, this 



simplicity/ may even allow for some 
form of ' standard plan" which will in 
turn allow the system to be simplified 
still further, 

c) Even where current educational re- 
quirements dem*and no more than a 
very limiting system or even a "stan- 
dard plan", great caution is needed 
before accepting such limitations 
since they are liltely to militate 
against meeting the needs of future 
change, 

d) A capacity to meet the needs of future 
change is an important criterion in 
all school buildings. But in meeting 
these future needs, diversity of edu- 
cational environment in the original 
building is more important than large 
spans or relocatable partitioning or 

- similar devices that facilitate re- 
arrangement of internal spaces. Sec- 
ond to this diversity the most impor- 
tant criterion for future adaptation is 
a building's capacity to accept addi- 
tional services for ventilation, elec- 
tricity and water supply and drainage^ 

e) The .design of a system must take in- 
to account the extent to" which educa- 
tional circumstances demand that it 
shall allow for a wicie range of: 

i) horizontal and vertical dimen- 
sions oS, individual spaces rang- 
ing from those of the scale found 
in housing '(gfcaff rooms, seminar 
rooms) to those of the scale 
more ufjual in industrial pre- 
mises (e. g. for physical educa- 
tion or sports) and including 
many intermediate scales not 
found in either housing or in- 
dustrial premises, nor in office- 
type accommodation; 

ii) overall plan form - in orde"!- to 
integrate outdoor as well as in- 
door educational spaces, in 
order to maximise the "fit" be- 
tween building and rjite and in 
order to ensure the right inter- 
relationship between individual 
spaces; 

iii) possible storey heights and inter- 
faces between blocks of differing 
storey height; 

iv) lighting (artificial and natural), 
acoustics and thermal environ- 
ment to suit each educational 
activity, all of which may have 
several different requirements; 
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v) servicing prdviaion, especially 
in respect of electricity, water 
supply and drainage which need 
to be more widely dispersed than 
in either housing or offices and 
which pose greatt»r problems of 
integration' with the stmicture 



* than in the case of industrial pre- 
mises; 

Vi) finishes and fittings, 'with due 

regard to subsequent replacenvent; 

Vii) alternatives for satisfactory 
visual appearance. 
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Chapter V • 

NEEDS OF PLANNED EXPENDITURE AND OUTPUT 



coxFLicTS (;f cost, C^UAI.ITV 
AND riMK 



104. Wluirc fducatinnal huihiin^' in the 
only riu(»(i that a .society fe(»1.4 obliged to 
rrH?(»t, and if th(» need iw sufficriently corn- 
•pellin/5, the tcnujcfney i.s for- i)olitical \iVi*yi^ 
«ure Ui in.siwt that tlie eonaidur-atioriK of 
eo.st ar(? f-j(?eon(Jar-y to thowe of quality and 
output. While no case has h(?en eacroun- 
tered wher(V ^nudi a t(?nd(»n('y ha^ le(J to (-orri- 
I)let(» diHr-e^^ar(J of eowtn, caijc?.'-; have? crer-- 
tainly bc»en found \vher*(? school buihiinj^^ r-e- 
f)reK(?nted far th(f major local nec^ci and 
whc»r€* thc» (i(?terrnination of a (community \.u 
f)r()Vide tin: "b(»^jt i)o.'iijibl(;" Hcrhool ft)r it.'j 
ytjurifj (jeople outW(»iffh(j(J any anxiety ovcjr- 
co^^it. The t(?ri(Joncy i.'O rnoiU inarkecJ whtM-e 
!ich()C)l buildirijit ib .solely a locral r-(»wp()n«i- 
bilitv and where for the* cornrryuiity cron- 
cern(Mi a rft»w lichool buihJirif^; ir; an ifjolattfd 
historical event o(!curMn^T only oncrt? o;- 
twie(? in a lifetime. Such cx)rnrnuni tieij ahjo 
terul to be i)r(?i)ared not only in fii)on(i money 
but alfjo to wait i)ati(?ntly for th(» (Jefiir-ed 
refjult, I'*or Hwch (M)rnmunitiefj (?xi)(»rulitur-(f- 
antl-{juti)ut-plannin^T in of little Ki^fnificanc(?, 
and any acivantaf^ej; th(?y jLjain from induutr-ial- 
i^-ied build in/' will fiave no (n)nn(?ction with it. 
Hut ^iuch ca.«^j(»H ar-e et)mf)arati vely rare. 

10 T). Hy far the rnaj«')rity of cawe^^ even 
wh(M'e fichool buildin/r if.j a kxral reiJi)orujibil- 
ity, are thorjo whor(» edu(rational buildin^^ 
coini)eten with otlier* n(»(MJf], wh(?re finarurial 
refjourcM'fi are limited, aruJ where the necMln 
inujjt be m(»t within a limited timo if exif]t- 
in ft f^clioolfj are not to be intolerably ()V(?r- 
crow(Je(l. The lar^:jer th(? wc^hool poi)ulation 
to be houHe(i the mort* acute the twin i)ref9- 
jiure.^j of cofU arui time. AruJ for all Hiuch^ 
ca.'jo.'j expend itu re -an(i- output plannir^^ \h 
\tii\\\\y .si/Tnificant. 

100. Wh(?re thirj ifj fjo it iu not enouji^h that 
buihiin/^ fjy^temrj fjhouhJ i)ro(Ju(?(» buildin/^iJ 
of th(? ri/'ht kintJ: th(»y murU i)r-ovi(J(» fjuch 
buildin/^n at a corjt atuJ at a r-ate of outi)Ut 
I)recJ(?termiried by an (»xp(?nditure i)lan. He- 



lor'e identifying the cruteria for- HyntemH 
wfiich thiw imiJlioH, it i.*^ necebwar-y to 
consider two alternative wtrate^^ies'fo r re- 
Holvin^^ the conflicts between co,st, quality 
and r-ate of outjjut. 



QUALITY COST BAI.ANCK 

107, What shoulc) he the limit of exinrfuli- 
ture, what (-onstitutew accei)tabl(' quality, 
and what r(?i)r-eHent.s suffi(!iency of number- 
tor in other- (^'or-d.s, tol(?r-ai>l(.' ov('r-(-r()wdin^O 
ar-e all matt(M-H for- i)olitic'al deci.-^iion - . 
however [jolitical dc'cinionri may be rea(-hed 
in'any particular instance. Hut wh(fr(»ai'i 
bud^j(»t limitation i.s capaW(» oj i)r-eciK(' defi- 
nitioH, (juality in much rnor;e (Jifficult to de- 
fine, and ov(?r-cr-owdinf^ wo i)olitically deli- 
cat(? that how much \h toler'able can never 
be i)r(;di(-ted hut only te.*^ited by the ev(»rit. 
Thufd the natural i)re.SHure« on any r-ichool 
b uildirijrr a gency are to put bud^;(ft ' lirnitation 
aH th(? priority and then to keep quality to 
the politically acceptable; minimum, ijo that 
the maximum quantity can be? obtairu^ within 
the Jjud^r(?t, if not within the period fo which 
th(j bu(lf^(?t r(;lat(;H. 

lOH. 'Vu siibrnit to th(;.^i(» natur'al .pre9Hur'(?H 
ir.;, however, to nejrlect (-ertain impgrtant 
('onijid(!rationH. V\vh\, the lev('l of quality 
which iJj i)olitically ae(*(»ptabl(» i)r-obal:}ly r-e- 
fl(»ctri a rnifsunderfjtandin^j-of the real requi- 
r(»rn(»ntfi of edu(-ation«, which if aderjuately 
defin(»tl rni^^ht i)erHuade financial f)oli(-y- 
malserrj to r-auje the bud^ret limit* S(»(-ondly, 
the number of ^^(-hoolH obtainable for a ^^iven 
e5q)enditure i^ not Holely a function of their 
quality. For any h^vel of (quality the numbeV 
can b(» increased if architectw make a (hjter- 
rriin(»(J eff()rt to i)lan (»ach buildin^^ aw econo- 
mically afi I)()^^I^Jibl(?, and if cducationiHtH 
make equal and c-ontinuouH (?ffortr=i to ensure 
that habit (Jo(»rj not r(»tairi r-(?(Juridant ac(-om- 
modation in the fich{)olr3 which ar-e i)lann(»cl, 
efjf)ecially wfi(?n eciucation in demaiKJin^^ n(?w 
kindr; of accommodation to rruM't fufw needy. 




STAN'DAHl) PRODUCT STRATEGY 



STANDAJU) COST STRATKCIY 



109, A n\jnibiM* of ( ouiitrit'S have L(»eri 
niiruiful of the two conHidt* rations just. men- 
tioned and havo therefore attempted to defiue ^ 
rtval (idueational requirements Juui the? most 
econoiiuical way of me(?ting them as precisely 
as possible.* To tins end th(»v tuive pre- 
srril)(M] in the upmost detail the accommoda- 
tion to be provi<led in hc IumjIs of j-;taudar*d 
si/es, tfie number and kind of rooms or 
spaces, their dimensions, the size of win- 

'lo\». a'nd ^Tiojne times the ty[)e of l onstruc- 
tion and finish. Other* countries hav-e not 
L^oue so far but at least have [)roce(Mlei] 
dour^ the same road, Htop[)inf; only at a less 
pret ise sta^e <»f rietail. Tfiey have* then said 
in effect ' This, no more? no l(?ss, is the* kind, 
of school we want. Wliat it costs- depends 
(»ri ( urrent pri( es and, a( cordin^^ to market 
fhii tuatic^ns, we wilLthus ^^et as many 
hi( hools as tlie global budt'^'t will a]j,low. * If 
at th(? end of th(? day wc are left with over- 
'( rowdm^^ at h?ast we shall hav(? satisfied both 
taxpayer arjd edu( ationist. With this stra- 
tc'fn, the buildiw^^hi pro*4ucc?d arc? iiH nearly 
as possible of a uniform standard, *but the 
number-' aiui cost of eacii is ailowecl to var'y, 
We can (hib'it the wtanciartl [)roduct iiiriiU^iry, 

110, yuch a str*ate/,^y is not only unsatisfac- 
ttJi'v in l(»avin^ o > (*rcrowdiru^ as a function 

of market ( {)ruiitij>nH, it also ()verlo()ks fur- 
ther' irnpor'tant (-onsid(?rations. I'he first isi 
that no definition c)f (yiality (i. (\ of "the 
miUi kinti of buiblmjL; ') can be al)solute, and 
that (Klucatiorusts, who ar*(? as ham[)(*r(^d in 
their' a( tivities as yiueh by overc rowdin^^ as- 
hy shor'tcornirif^s of the- [jliysical (»nvirv)run(»nt, 
are wiihru! to "con side r alternative ways of 
rneetrnj^ their r (M^ui r(?rnentri if, byj^doirif,* so, 
they can les.-ien the r isk that too f(»w sc hools 
'A ill be buiTt. in [jrat tit c;; b(M*ause the* 

variables in [)rovidiru^ an educationally ac- 
ceptable envi I'onrn (»r:t are so ruuru? rour^, a 
wid(? r*anf_M* of alternative solutions arc? pos- 
sible. If, thcM*c«fo r(», a limit c)f (-ost in set 
for eat b intlivithial fjchool, (?dur atit)ni!Us 
t an to a Uu fM* extc»nt tr'irn their r(»quir(»- 
rrientr; acct) rthn^'ly . 'J*h(» narm* ir, tr'Ue t)f 
art hifet-ts ft)r whom an (»t^ually with* ranj^(* 
t»f alt(»rnativf»s is t»pen, first in spatial ar- 
rangement which tt)^ether with (mIuc atit)nal 
n(?(Ml, ^'overn the ttital flt)t)r areA n(M?tied; 
and s(»c f)ndly in iUv t-t)rn binatitjn.s t)f bmltlin^^ 
t:tijnpt)n(»nts, st)me t hea[)er than t)thers, 
Mb hit h pi} to^'ether' to ft)rm the total buihiin^'. 
In shtirt, there is rit) har*d <Iivit]in/:T line be- 
twe(»ri the acc(»ptabie arul the uruu cefJtable 
but, rathi»r, ti wet^»(» t)f t)p[)t)rtunitier3 which 
increase aful <J(«i reawe accortJin^^' ttj'how * 
sharply (osts constr'ain thc»m. 



111. Now nt) countr'V has ft)Untl any uureri- #- 
tive iTt)W(?r*ful entjuj^h to per'suade etiut-atitjn^ 
ists tt) r*educe their demands tt) a minirjiunr 
t)r t(» [)eVsuatle ar'chit(»t:ts to rne(?t thern at 
rrunimum [)ossible t-t>st. Some ctmntr'ies, 
ht)wever - rjtJtably I.'n^lanti - havtv fountl that 
both (?ducatiorusts antl ar'chitet ts r'es[)ontl 
W(dl if ^^iv(»n the oijfjor'tunity tt) ^et the best 
buildinf^ they can within a ^iven limit t)f cost. 
Kntjwinj', that they will ^(»t ru) builthuf^ at all 
if they exceeti this limit, they liave ever*y 
incentive tt) kee[) within it. J<nt)Win^^ that 
they cannt)t, st) to s|i(»ak, "keep the t hanjM*" 
if they sf-)(»ntj belt)w the limit, tliev fiave 
e-ver-y incentive? tt) f»et rriaxirnum value for 
the mt)n(!y allt)W(?ti. This [)syclit)lt)j^' has 
enabled the t f)Untr'ic*s t t)ncer'n(Ml tt) atit)[)t an 
alttMriati ve strat(?^T>' which r'cM-o^^nises that 
stantiartJs t)f quality may var\v frtmi the thick 
enti tt> ttie thui end t)f tlie "t)p[)t)r-tunity wetjj'e" 
but that ct)Hts ft)r uitlivitlual schtitils t an t tm- 
ft)r'rn tt) a siru^le stantiard. If a major ity t)f 
stdU)ols a[)i)r't)a( h tt)o t lt)sely tt) the thin erul 
of the \\;ed|:je t t)n sitle r'ation t an be jj[iven to 
r'aisiruj the ct)st stantlar t]. We shall style 
this strat(»j^y th^- Starular-tl Cost str-ate^»y (1). 



1) 1 lie su( ( cHsful a[)plicatit)n t)f this strate^^y 
tlepernls nt)t only t)n tlu* skill t)f the tle- 
si^^ner^ in. lirnitiru^ the size t)f the builduu', 
antl ui (Misiu'iru! tliat all t t)mpt)nents ar*e 
usetl as t:t)st-(»ffet tively as pt)sriibl(?, but 
alJ-it) t)n ht>w accurattdy t t>r;ts can be pre- 
tlit-tetl for the sup{)ly antl eret tit)ri t)f the 
t:t)rnpt)nents which are ust'tl. With ra[)itl 
antl ext fssue uiflatitjri (»x[)t»r iencc» h^i 
bt»en that tht* nec(»risar-y tle|»ree ot act ur'a- 
t y has nt) lt>n^MM- bcMTi ptiri.sible tt) attain. 
I'hus tht* HrMtirih I)t»[)a r trnent t)i IMut atit)!! 
antl S( it»nct^ Um; nt)W (1974) been t)blif»etl 
tt) f),ut its stantlartl ct)st strate/t>' into tern- 
[Jtirary abt»yance. Neve r^lu* less, the fact 
that sueh a stratt'^^y haty^b(»en tJjjerattMl 
with sut ceKs ft)r mo re /fi an twenty [)r*e- 
t t'tlin^' yt»ars has cr*ej^t»tl a clirnatt* t)f 
t t)St -( t)n^iciou^^ness iwunt\i\ t»tlut atit)nist s 
antl tlesi/v»^' alike /vhit h seern^j^^tt) enrjur:e 
that St ht)t)l buihlirin/rt»mairis brt)aVlly t t)fit- 
(»ff(»ctivt' witlit)ut th(/ neetl tt) fall back t)n 
tht- ultiTnativt* of ajstandar tl pr titlut t f.trri- 
te^^y. 
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112. ()! (N^ujrsf, \Mlh the standard produc t 
stratf^'v t»>nHj(lcratj(yi (an be i^'jvfn to in- 
( I i*asiru» t»l()hal l)if(^»c*tH i! rji-an^ [)rj('('!'i ro- 
•-iUlt in a fihoi tfall ui^Mu* (quantity nt staiujai-cj 
prn(lu( tM. P>ut llu* standarci cowl stratc^'y, 
by r<-Iati!u! thr (|ijaritjty rather* than tht* (lua- 
lity to tin* jf'lobal Injcb'ct, rcdiu i-h tiu* ri.sk_()l 
^ihorlfail and is inor(* usidul, t}n«rcdc)r(y 
r<-( (incilin^' tht* ( ont'ln ts whw h fXiiit, not 
only bftu»-<«n tuuuK lal ri*straint ancj tuji 
tional di.'Sitl<T'ata, but -tjct Vv cimi tht'si* ^yncl thi* 
nt'Vi\ to iTUM't a planned' rate of outfjuty In 
'.hoi t it n. a vitrat(_«^^y uhi( I] ^n^fH furtiicr to- 
wards <*rjr>ui*in^» that i)lannc(l cxj^iuiWii re 
i!iv<«v; the plarincd rt«turn, iii/fuantity rtdati'tl 
t«i Uuy* aw well as; in tjifeU-i-t^ It cnablow the 
f>jtrat(*tn^its to way "Wc have satisfunJ the 
taxpayer, wt? have fiatiwficd all (MJiicationi.stfi 
(t*v(-n if woiin? ar-c more batj'ificd than (Jthcri^' 
and uo have a^wo nurnrniHcd ov(»rcr-(} W(hn/:% 
And it haw hi r'thcr adva'nta^^;c that cchn-a- 
tioniwtH ar(» fibli/^^cd Ui orclcr* their pr'cfer- 
cru f w more car-cfuily and to r-f-oi'cicr thcfn 
a.w educational chanf^c anii cxfJeruvncc rai^^- 
/M'wt, 



COST CON' I HOL CHi rilHIA 
FOH SYS'ri:MS 



11'^, T\\v fitandarcl pr-odiict wtr-ateff^y, tak(>n 
t(j it.'i hi^ical (•t)n( lufJic'jn, r*(?i;ultrj in buildin^Vfj 
(•(inforiimu^ to a wtMucw of .wtaruiar-d dofiif^^nw. 
It thiiw tcndM t(j be rngrc a[)f)r-opriat(» to that 
wtatv* tif echu ational (k»V(»lo[)rrHnit wh(»f(» 
(•(lucational activiticfj arc fjtill lirrut(!d in 
wcopc. If if iw atJ(»ptcd, the criteria riyntcnnfi 
inuwt in(»et ar*(? obvunifdy clictat(?d by th(r - 
wtandard d(Mjij[»nH and nothiru^ more neeti be 
waid of them. A wtundard cowt fitrate^^, on 
the oth(jr harjd, ('ncou r*aj[^inf^ ar; it do(»fj a 
( ui'efnlly c rinwicier'eti (u*f]er*inn prefer*ent (Vi, 
i'i more appropriate where ecjucational prar - 
fii hur, he< ciine ivuiely rh verbified in itw 
aftivitjefi, ancl where [xilitic-al and inana^^e- 
iMal c jrciirn wtant e f. ptMTtut r.iich a fi.trale/»y to 
he arloptCMi. A[)[)lication of the Ntrate^ty - 
pendw t)n ct>iit coritrol af the' fJtifJiKT* rstanc* 
over varyini^ individual buildinj^rj, find it i.w 
fr(jm the needw (jf cowt conti'tjl that furtiier 
( ril(»ria f#r wywterTir; erner'/^c, 

114. The mowt [)ovverful det(»rTninant of 
Vr>wt m any iruhvidual buihhn/^ ir; the total 
vohjmr enclofjed, rherefor-e. ii\ rnUKuniran/' 
value U)v money within a ritanclard cnnt the 
riHM-i- finely tiie volume mu be adjurjted the 
more fu'inly it can be adjusted to the co^^t 



requireiiKmt. HecauHt* wall and Horno times 
r-(H>f corn()onent.s tend in b(f standardised ium ■ w 

. larger wi/.e« than in alterimtive methtnlK, 4 
the incrern(mt« by which the buildin^^ vOlurrV* 

- ( an be erilar*^»ed or reduced are c^ja r.ser. » 
rh(?y ran^^e from cuboidw of, jsay, 0. J)()m x, 
O.fJOm X 0. :U)m (C'LASIM to as muc4i aa, nv 
vvvu more than, 7.2t)rn x7.2()m x^OOm 
(HAI.LOT and other I''r(»nc^ !-;y,stfmji). No 
evidence exists to wu^^/.^eHt tliat a Jamaller 
crement than the former i.w needed, nor* that 
tlie smalle^it increment ( an not be larger. 
All that can be said ih that the diffi( ultie.w 
(d' mcetin^^ a wtandaiM co.st tend to r'i.se with 
increase ifi increment, and the conj/'ibu ti(m 
of a fine increment to cowt ( ont,r(»l iw even 
more important than itw contj-ibutichi to frei»- 
dom of spatial [>laruiin;% An im[)ortant cri- 
terioa iw thus that tlie volumetric incr(nnent 
of a building system should be consiiit(»nt 
with the cost contr(d procechirivj wliicli apply* 
to buildings where it is to be us^^d. 

llTj. . Heferencc has, already b(»en mad(? to 
cost variatKUis consequemtial <\n the nux (if 
mor-e and l(?ss e^ipenmve faciliti(?s in» a 
school, a mix whicni/j [lartly a refle( tion 
of educational clioice/ whicli u[ course is (d 
pi'imc inip()rta;K^e>^rrHu;tinA^ a standdr'd 
cost. Hut Chaijtt^r 1 1 H para^/rapti tias alj^ 
rnentitHKui the importance T)f ar-(dntectural ' 
skill and fjU/^;^i»sted that S()me fjyst(?ms may# 
ha/nper, (Uhers ease, its application in int(»r- 
relatm/^ anv facility to anotiier in ttie rtioiit 
economical way. Thus a further ci*iter*ion 
for- a schtnd buibhrijl syst(»m is that it sliould 
facilitate the int«»rToc]cin/^ of fa(Mliti(»s of (Uf- 
ferent shape, dimenr;ion and environmental 
character*. ^ 

lit). rh(.' cost determinant of an individual 
t)Uil(hn'f^ wtiich ifj the rriofU difficult t(» con- 
trol iri Uu* cost \H*r unit n[ fhnu* ar*ea. ^otal 
c()st cost per unit of floor' area (fjfjuare 
f(M)t or S(piare metre) x total floor ar*ea7. 
Oe.spittj the (Hfficulty it in ri(»ve rthelerjfT sufi- 
ce[)tibl(» to control by th(» ar'(dute( t, tJecaufje 
f;(uu(? build^pi^ c()mpon(»ritn are rruu e exi)en- 
sive than others, the rikilled ari hitt»ct can 
choorie the most cf»iJt«effective rniK avail- 
able witliin the i>ermi.ssible limit allow(Mj, 
Mifi freedom to exe rcuic^thir* fiJuII is Ik/w- 
(ive r d(»pend(Mit on whethiM* the r>yrAvn\ uwvit. 
two further cr-iteria, 

117, Tht^se are : 

a) that the fiyfJtem contain a r*an/^e ()f al- 
ternativerj e{ich r(»prefi(»ntin|t^ a differ - 
(Mit f^r'ade of corit-effecti v(MiesfJ - .so 
that the triix of tii^jh (quality/ hi^^h cofjt 
and loW(»r quality, low(»r < orit can be 
adjurUcKl a( ro.sfi th(* "opportunity 
v/edf'e ' whicli dividcfi the a( ( cptabh* 
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from the unacceptable - in terms of 
the building fabric as in terms of edu- 
cational need. Here quality will em- 
brace considerations of du^rabi^ty, 
«appearance, ease of maintenance^ 
environmental comfort and the ba- 
lance betwe^ft capital and running 
costs. The wider the range of alter- 
natives contained in a system the 
greater the freedom to manipulate 
costs. 

b) that the cost of the components, * sup- 
plied and assembled be known at the 
design stage. Here the^imitations of 
choice imposed by an industrialised 
building system offer _aruadvantage 
over alternative methods. As Chap- 

' ter HI has impHed, the familiarity 
which results from standardised re- 
petition enables C9sts of both produc- 
tion and assembly to be more accura- 
tely predicted. ^^-'^ 

118. In defining industrialised building we 
have said that it is. distinguished from alter- 
native methods in that (among other things) 
it incorporates a dominant proportion of 
standardised and repetitive components, and 
that "dominant" implies some limitation on 
the forms that buildings may take. But what 
is doJTiinant for the final form may be less 
significaCrr^^or costs. In mkny buildings 
which by oi^ definition are industrialised 
the" Indus triads eel proportion may still leave 
an unindustrialised proportion to which the 
predictability and consequent control of costs 
does not apply. Thus\nother important 
criterion relate's to the extent to which the 
system governs the total building cost. Ex- 
perience suggests, however, that to indus- 
trialise all elements can in some cases in- 
crease costs without any compensating in- 
crease in predictability. This can be true 
especially where the alternative method is 
well-tried, the basic materials are cheap 
and the required labour and skill are in ade- 
quate supply. 



OUT>UT CONTROL CRITERIA 



119. .As with costs, so with rate of output: 
the extent to which'an indus^trialised building 
system affects the conripletlon time of whole 
buildings depends largely'on the. proportion 
of the whole it represents. However, Chap- 
ter III (paragraph 49) has referred to the fa^ct 
that the use-of a systeni will only affect total 
construction time insofar as its operations 
lie on the critical path through the whole 
operational network. Thus the final crite- 



Hon related to planned output against which 
^system can be assessed is the e^itent to 
»which it a^:counts for those operations iiiahe 
assembly sequence on the .progress of which 
other operations depend for their completion. 

CRITERIA SUMMARISED 



\20. The criteria implied by the needs of \^ 
expenditure/output planning can now be sum- 
marised as follows: ^ , ' 

a) Where a standard product strategy 
applies, the system must be capable 

>of providing schools to standard de- 
' signs. 

b) In all other cases where a standard 
cost strategy applies the following 
criteria 'must be met. 

i) the volunietric increm^ent of' the 
0 system should be consistent with 

the cost controLprocedures which 
apply to buildings where it is used; 

ii) the system should facilitate tl\e 

inter^gckirtg of fa^^ilities /cf. Chaf)- 
ter IV,' paragraph 103(e) (i), (li), 
(iii)7 of different shape^ dimension 
and~environmental character; 

iii) the system sTiould corftain a range 
^ of alternatisves each representing 
a different g^de of cost-effective- 
ness; 



iv) the co'st of the components sup- 



at 



plied and assembled be ki;^own 
the design stage; ^ • 

v) the system should *be the dominant 
determinant of the total building 
'cost; 

v^) the system 'should be the dominant 
determinant in the completion 
time of the total building^ and 
should therefore account for the 
key operations on which other 
operations depenc^j^for their com- 
pletion*^ 

121. None- .of the systems which have been 
^eyiewed meets in full the criteria which 
have been identified in- thiS" chapte r, but some 
come^losjfer to meeting them than others. 
In facff some of the criteria ijan not be met 
entirely by the characteristics of the system 
itself; some depend on the conditions which 
are provided by processes of purchasing ar 
financing of school buildings - that is to say; 
by procurem*ent processes, tlie implications 
of which form the subject^of the following ^ 
chapter. 
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Chapter VI 

PROCUREMENT - PURCHASE AND SUPPLY 



122. In discussing the potential benefits of 
industrialised building we have stated that 
for the potential to be realised certain con-" 
ditions must be fulfilled. The same applies 
to ensuring that the sycStem is capable of 
producing the right kind of building and that 
this capability is taken full advantage of in 
waj^s consistent with the requirements of 
planned production. Some of these condi- 
tions concern the working relationships be- 
tween the numerous interests involved - ^ 
educational and financial planners, educa- 
tionists themselves, designers of systems 
and of individual buildings, component and 
systetr^ producers, and building contractors 
and sub-contractors. We shall deal with 
conditions affecting these relationships in 
Chapter VII. In^the present chapter we are 
concerned with conditions which affect arran- 
gements^for the (Purchase and financing of 
i-ndustrialised buildings if standard systfems 
are to meet the particular needs of educa- 
tional building. 



CONDITION 1: EDUCATIONAL 
REQUIREMENTS TO BE IDENTIFIED 



123, In, Chapter IV we have drawn attention 
to' the widely varying characteristicsivhich 
different educational. methods may assume 
as they move away from the common start- 
ing poirit of expository teaching in the direc- 
tion of more diversified learning activities. 
We have also pointed out that, at a given " 
point in tim^e, the methods prevalent in dif- 
ferent countries will each be at different 
distances away from the starting line; and 
we have argued that wnile allowing for future 
change present needs jmu^ still be met. 
Thus no single form of building can be uni- 
versally recommended: the right kind of 
building is tliat which at the moment, it is 
occupied suits the requireinents of the most 
advanced educational developments in the 
country C£)ncerned, according to the type and 
level of education to be served. Therefore 
the first condition to be met is that these 
requirements shall be identified in terms of 
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the range mention^ under Conclusion (e) at 
the end of Chapter IV (paragraph 103). 

124. For many of the systems we have 
examined, little e|^rt has been spent on the 
identification of these requirements. The ' 
reason is that the educational modes for 
which the systems were intended were still 
close to what we have ca,lled the "starting 
point' . Both the designers of the systems 
and the^ school building agencies concerned 
were able to assume that existing school 
buildings represented satisfactory models 
and it would be sufficient if the system could 
produce individual buildings conforming to 
those models. In some instances the mode 
is still unchanged sp that the resulting build- 
ings are satisfactory for it; but in other in- 
stances the mode has already moved away 
from the starting point to an extent where 
the resulting buildings are proving increas- 
ingly less satisfactory and modifications to 
the systems are being called for. 

125. In the case of some systems - CROCS 
is an example - the architects responsible 
for theii^ de^sign have not been 'content to take 
existing schools as models but have preceded 
the •<;lesign'by *a more fundamental study of 
educational practice, only to reach the same 
conclusion for the same reason. However, 
by virtue of studying other educational prlc- 

, tices outside the locality for which th^sys- 
tem was intended they have anticipated that 

' the local praclrlce would eventually undergo 
changes and have tried to provide a system 
capable, of meeting them by adaptation of the 
resulting buildings. Somewha^ ironically, in 
these instances too littje change has yet been 
called for to provide evidence of either suc- 
cess or failure of-the system^in this respect. 

126. In yet another class of systems - of 
which CLASP is an example - the architects 
responsible have again examined educatibnal 
practice as it is carried t>n in existing 
schools but have found that the pra^ptice has 
indeed moved further from the starting point 
than it had when the schools wefe built, with 
cansequent difficulties* and obstacles to the 
conduct of e4ucationarl activity. They have 
consequently looked at the implications for 
the design of individual buildings and from 
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these extrapolated the cr*iteria which the 
system must meet. Where tliis has happened 
the resulting buildings have also been sub- * 
'jec-ted to recurrent €»xarninution and sub- 
^sequent improvements made to the system. 

'127. There is a final class of system where 
the system designers, without entirely 
ignoring any current -pr-actice, liave. taken the 
view that all curreiKj^^actice is inevitably 
ephemeral and that the ability of the system 
to meel: future change should outweigh all its 
other characteristic's - SEP' is the prime 
example here, llnfor-tunately, however, they 
have seen tills ability almost entirely in 
^,erms of clianging spatial ar-r-angements by 
the relocation of partitions r'ather than in 
terms of extending or varying the range of 
environrnenta] opportunity. As will have 
been ncUed from Chapter IV (par-agraphs 97 • 
to lO^j, we regar-d emphasis on this aspect 
of adaptability as misplaced. 



CONDITION 2: REVIEW OP' COST 
CONTAINAIENT PpLlCIES 

128. ♦As we have said in Chapter V, educa- 
tional requirements can not, in practice, be 
stipulated without regard to the finance 
available for meeting them, and there is no 
tiard line dividing the acceptable from the 
unacceptable, but rather a wedge of oppor- 
tunities which increase or decrease accord- 
ing to the cor\sf ua^'irits of cost. Whether cost 
containi?ient policy is based on a "standard 
product strategy" or* on a "stmidard cost 
strategy" (*see .Chapter V, g^a graphs 109 
knd 111), tliere is usually a measure of un- 
derstanding on what constitutes an acceptable 
c^.s^ level, which may be relati*vely vague in 
sc^hle countries and relatively precise in 
others, but which is largely shared by all . 
concerned. Usually it is an understanding 
based on precedent, that is, what sfchools 
have cost in the past is taken as "i 1 1 rrr»fh' Cx 
Hon of what, with regard to current pric'^ 
levels, they should cost in the present. 
Carried too far a precedent-based policy 
can be as much a reductio ad absurduip . as 
if the costs of education were conceived 
solely in terms of teachers' pay without 
regard to the cost of bool^, scientific anc' 
technical apparatus or any other teaching 
aids required as educational practice moves 
froni its expository origins. As essential, 
therefore, as the recurrent modification of 
building systems are recurrent reviews of 
cost containment policy. In the course of 
these reviews evolving requirements of edu- 
cation and their consequences for "right 
kinds" of building need to receive as serious 



attention as changes' jn price levels; and the 
result o^the reviews need to be such that 
educationists and the architects serving them 
can then cut their coats according to their 
cloth in the knowledge that all factors have 
been taken irbto accoiint in striking a feasible 
balance betwben aspirations and resources, 

129,. What has just been said applies with 
eqlial force whether industrialised building 
systems are to be used or not. Neverthe- 
less successful application of such systems 
can not be expected if the cost constraint 
•policy is so harsh that the right kind of* 
building can not be produced by any method 
at all. For this reason we draw attention to 
a second condition of success : 

Cost containment policies associated 
with the financing of educat_ional build- 
ing need to bo recurrently reviewed in 
order to maintain an acceptable toa- 
lan<ie between cost, quantity and the 
qualities needed for the "right kinds 
of school". 

130. The conclusion can not be avoided that 
in almo^'it^ every country financial pressures 
tend^o result in neglect of these quality con- 
sideijations so that when reviews take place 
it is the change in price levels alone which 
receives consideration. This is particular- 
ly so where no adequate mechanism exists 
for articulating and expressing the^claims 
of education/ but it is suggested that in all 
4 cases it is worth asking whether cost re- 
straint, undoubtedly necessary in itself, is 
not in conflict with tHe equal necessity for 
cost effectiveness. • ^ ' 



CONDITION 3: PURCHASE 
ARRANGEMENTS TO FACILITATE 
SYSTEM DEVELOPMENT 

131. As the foregoing paragraphs imply, 
the identification of education requirements 
can not be regarded as a once for all defini-j- 
tive process, it must be a recurrent process 
taking account oT changes as they occur, ^ 
Thus as C.W. Phillips has observed in PEB 
Leaflet No. 5 . . . the development of d build- 
ing system is empirical; it does not spring 
fully developed, as it were, from the brow 
of Zeu^, but evolves as the educationists ^ 
gind architects demand more from it in terms 
of educational objectives" (1). However, in 

1) Information Leaflet No. 5 ,"lndust>ialised 
Building SystemS: Educational Objectiv,es 
and the Problem of Change", by C.W. Phil- 
lips, Programme on Educational Building, 
OECD, March 1974, page 11. 
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some of the cases we have noted, systems 
have been unable to fulfil their initial pro- 
mise because their use has been confined to 
only a limited number of buildings all com- 
pleted within a relatively brief time-span. 
By contrast, those industrialised building 
systems which have produced the greatest 
benefits have been used for successive an- 
nual building programmes over an extensive 
time-span during which new versions of the 
system have been introducec^, in the light of 
the experience gained as educational requi- 
rements ttiemselves have evolved, and, of 
course, as economic and technological cir- 
cumstances change. Thus we can identify 
a rhird condition which must be met if the 
full potential of industrialised building is to 
be realised: 

Procurement arrangements must be 
such as wilL allow for the modifica- 
tion or development'of an industrial- 
ised building system as educational, 
economic and technological circum- 
' stances change. 



COXDITIOX 4: NEED FOR SUSTAINED ' 
PRODUCTION 



132. We have already mentioned (para- 
graph 59) that the CROCS system incorpo- 
rated cornponents which could be produced 
by firms in the Lausanne region which wp re 
alreatiy making proclucts so similar in their 
tooling requirements that no extra tooling 
would be needed, and for which the sch\ool 
building components (despite the small in- 
vestment programme) constituted an order 
large enough as a proportion of their total 
output to^ stimulate keen competitftn. In 
many oth^r of the systems studied this was 
not the case; although the school building 
components had, as it were, a family re- 
semblance tdthe general run of products 
made by the Rrms concerned, they were suf- 
ficiently dissimilar to demand some measure 
of re-tooling or of production re-organisa- 
tion. For such firms (and they are a major- 
ity because the structure of\Swiss produc- 
tion is .untypical) the size of order repre- 
sented by the Lausanne programme would 
not have been sufficiently attractive. Indeed, 
several of the firms were of the kind who, 
unless the special requirements of school 
buildings has been drawn to their attention, 
would have confined their production to the 
needs of the general market, exposing 
school construction to the danger already 
menti^oned in Chapter III, paragraph 67. > 
Such firms need to have prospects that tho^ 
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orders to be met will be beyond the mini- 
mum needed to justify re-tooling and re- 
organisation of production. 

fl33,^ It was also noted, however, that the 
amount of re-tooling and re-organisation 
needed was not simply a function of the pro- 
duct required, but was also proportional to 

"the volume of production needed within a , 
specified time. For this reason, manufac- 
turers tended to be attracted by comparati.- 
vely small orders, provided they had pros- 
pects that the orders would be repeated and 
demand for the product, or at least sothe 
variant of ,it, sustained. . 

134. The SEF project based its whole ap- 
proach on the assumption that, having re- 
gard both to the structure of North American 
industry and to the degree to which Canadian 
and American school building agencies are 
localised, the size of order which an agency 
could place and the limited extent to which 

it could sustain demand were bath insuffi- 
cient to attract acceptable quotations from 
manufacturers. The SEF architects there- 
fore attempted to collaborate with producers 
to ensure that all products intended for 
^hool building would be equally in demand 
for the general market, so that producers 
could rely^on normal advertising methods 
to secure the outlets needed to justify the 
new line of product. The attempt appears 
to have succeeded in respect of the sub- ° 
system which integrates artificial lighting 
and ceilings, and in respect of the air- 
conditioning system, but in respect of other 
sub-systems the non-school demand appears 
to have been insignificant. 

135. The systems whose success is 'least 
in dispute (relative to the educational needs 
they have sought to satisfy) are, CROCS 
apart, those where the volume of orders 
has been both substdintial and sustained. 
Broadly speaking tills has been made possi- 
ble by various means typified -by the folio w- 

, ing examples. 

136. The kind of school buildings for which 
the FEAL system has been used are of the 
oomparatively simple kind which are needed 
for educational niethods still close to the 

starting point" and therefore the system is 
suitable for other buildings, such as offices, 
accommodating activities which are not very 
different from" those of desk work for expo- 
sitory teaching; and for requirements fur- 
ther removed from these the firm has been 
able to improvise acceptable ad hoc variants 
to the system. As a consequence, the firm 
has been able to sustain an optimum level of 
demand by the normal commercial devices 
of market research, enterprising 
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salesinarrship and c-ornpetitivo bidding. 
Firms responsible for the systems used in 
France have likewise been able to extent! 
their markets by similar measures. 

137. Some English systems have been ori- 
ginated by private enterprise and have fol- 
lowed a similar pattern to those in ranee 
eind Italy. All but a negli-gi^ble amount of 
school buildings using industrialised meth- 
ods have, however, been originated speci- 
fically foi* scliool puri)oses by school build- 
ing agencies which contract with pr-oducer-s 
for the supply of components. Even lie re, 
while school buildings have absorbed the 
bulk of production, the outlet for cornpo- " 
nents has been extended by using tlve system 
for other- purposes inchuling not only offices 
but also public librar-ies, housing, hospi- 
tals ancl labor-ator-ies. ^ 

138. Most of these extended uses are in 
•buildings which are as much a public respon- 
sibility as schools. Hut in the case of 
CLASP the system is also marketed to the 
private sector through the firm which sup- 
plies the steel frame sub-system. The ori- 
ginating consor-tium of school building agen- 
cies also has an agreement which authorises 
the same firm to promote the p rinciple s, and 
methods of the systemOutside tlie United " 
Kingdom. This usuaUy involves a complete 
redesign of the system to meet the parti- ^ 

t ular re(iuirements of the crountries con- 
cerned, a fact which is also true of other 
systenis when used in countries outside the 
country of (origin. To this extent it can be 
argued that systems are not exportable. On 
the other hand, the principles and methods 
by which compatibility of components is as- 
sured remain unchanged as do the types of 
component included; the change which is 
needed is mairdy in the form of qxtra var- 
iants witluii ttie r anges for^ea< h type of crom- 
pr)nent, 

139. Here then, we have an extension of 
the means by which, by diversification of 
the application of a system, the outlet for its 
products has been increased and sustained. 
*At the same time, ft is necessary to note 

that unless the external market is geogra- 
phically close to the home-base, the majori- 
ty (if not all) of the components will be made 
locally by local firms' rather than by the, 
firms who produce for the original system. 
This suggests that while export can offer ' 
some extension of the market it can not 
alone suffice to^produce sustained demand of 
sufficient volume. 

140. Hy far the mo.mt effective rlevice for 
optimising the level Of sustained production 
is that which has bedn used by the cejUral 



ministry in France and by .local authorities 
in England and Wales, namely a form of bulk 
ordering. In France; the central ministry, 
exercising powerful control over* school 
construction, is able to ensure that virtually 
the total annual construction of schools is 
shared out among thirty or so system- build- 
ing contractors, so Jhat each competing firm 
tran make its bid in the expectation that a 
successful bid will result in a substantial 
order. In Britain, local school building 
agencies have grouped themselves voluntar- 
ily into consortia for bulk purchase and are 
thus able to offer similar assurances, wheVe- 
as an individual agency on its own would be 
unable to do so. In both countries indicative 
planning (which in France concer-ns the eco- 
nomy in general as well as scho(d construc- 
tion) provides sufficient guide to the level at 
w^hich demand is likely to be sustained in 
succeeding years, subject only to economic 
cycles by which building in general tends to ' 
be affectetl. 

141. It will be realised tljat if the output of 
a system can be-r^n^aintairied by any of these 
rnean^^, either singly or in combination, the 
essential pre- requjsi tc will also have been 
pro\ icled for meeting Conditicm 3. Condi - 
lion 4 can be summarised as folTows: 

Procurement ar-r-angernents need to 
offer produce r s pr'bspects of sustained 
sales optirnised at a level beyond the 
minirtiurn needed to cover* capital out- 
play. 



COXniTlON W. \KKD FOH^ STACK ;EH ED 
HFFEDrNC; STARTS 



142. Unless unacceptably severe limita- 
tions are to be imposed on builditig form or 
environment, a range of variants will be 
needed for each type of component in the 
system, and the less the limitations the 
greater the numb(*r of variants. The bulk 
and comparative cost of most components, 
coupled with^ uncertainty about the quantity 
in which any particular variant may even- 
tually be needed, make producers reluctant 
to hold items in stock. Although, from time 
to time, they may stg(;pkpile in order to main- 
lain production through a period of slack 
d-emand, they will stockpile only those var- 
iants most commonly in demand. If build- 
ings were to use no othfer than tlie most com- 
mon variants the effect would obviously be 
to increase the limitations imposed by the 
system. Thus while sorpe variants may 
occasionally be stockpiled, some of those 
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that in practice are necessary will not be. 
They will only be made in response to a 
firm order, 

143, Here we arrive at sornething of a par- 
adox. Where immediate delivery from 
stock is normally associated with so man^ 
industrialised products in general, it is even 
less a feature of industrialised building sys- 
tems than it is of "non-indijstrialised" meth- 
ods, m which, despite shortages of brick- 
layers or carpenters, ^ temporary glut can 
make bricks or timber obtainable, if not 
^immediately at much shorter notice than 
som« pref^tbricated elements. Delivery de- 
lays c5n/ of course, completely negate the 
savings in construction tim^ which are 
among the potential benefits of industrialised 
systems. To avoid them producers must 
have adequate notice.' 

144 It may be thought that indipative for- 
ward planning would in itself provide ade- 
quate notice, but this is by^o means con- 
firmed from experience. We have found 
that well before the beginning of an invest- 
^ mentyear both^school building agencies and 
producors can be fully aware of the total 
volume of building that will be required in 
tlip year concerned,^ but neither can know 
what the total implies for variant production 
untn the designs are ready for every indivi- 
dual building co^vered by the investment total 
There is always a tendency to complete all 
designs at the same point in time and then 
ao start the construction of each individual* 
buihUng equally simultaneously If the con- 
struction of all buildings is then to proceed 
at the same pace and with due dispatch, each 
class of component needs to be delivered to 
every building site at the sajne point in time 
Hut this need runs directly counter to the 
practical manufacturing necessity for com- 
.ponent production to be evenly maintained 
■and not sut^jected to sharply contrasting 
peak,s and troughs. Thus, because practical 
^ neci-ssity^nsists, some components armve 
on site whenihey art? needed, others per- 
force arrive late, with consequent disrup- ^ 
tion to constructU)n schedules. .The "bunch- 
ing ()f atarts - usually the consequence of 
administrative procedures - is therefore 
more responsible for delays than any inher- 
ent defect of industrialised building systems 
as such, so that every attempt should be 
made to spread the starts of individual build- 
ings throughout the year. Such an objective 
will be the more readily attainable the less 
the initial building operations are dependent 
on good weather. 

IHf). Thus we have a fifth condition that 
procurement arrangements need meet : 



Procurement arrangements need to 
allow for individual bu41ding starts to 
be so staggered as to facilitate an 
even flow of component production 
with adequate "lead time" to allow for 
prompt deliveries. 



CONDITION (j: DliiSICX,- PHODH C : I ION 
A\D ASSEMBLY TO BK INTE^^^ATL'D 

i46\ Marginal differences in the form of 
int^^rfaring of system components may have 
little effect on ultimate performance but 
considerable effect on costs of produc-^ion 
and assembly. Component and system de- 
velopment has invariably proved to benefit 
if the designers can" be made aware of pro- 
duction problems which an earlier design 
has caused and whicJi can be eradicated by 
design modifications, Furthermore, dif- 
ferent producers rnay use different fjroduc- 
tion methods so that a design which is eco- 
nomical for one may be less so for another. 
The same considerations afjply equally to 
assembly. Thus we have as a final condi- 
tion ; 

Procurement fjrocesses need to pro- 
mote the closest f)Ossible integration 
of design, (jroduction and assembly, 
147. As we have said in Chapter II, para- 
graph 2;), an industrialised building system 
is a relationship of interdependent parts, 
each of which is standardised,- repeatable 
and mutually compatible. To borrow com- 
puter terminology, the relationship repre- 
sents the software, the components the hard- 
ware. Production and assembly in the phy- 
sical sense can therefore only apply to the 
latter. By the same token we risk confusion 
to speak df a system producer" since in 
fact, while a single organisation may [u-o- 
duce (in the sense of physically "snaking") 
an important range of components, no case 
has been found where a single organifjation ' 
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s rrialres all the components of a system 
that it is better to think in terms of a sys- 
tern agency - whoso essential function is to 
identify potential component producers and 
persuade tJiem- to manufacture and supply 
the components needed for the system. Nor 
has any case been found whore the system 
agency has not also been resfjonsible for the 
design of the f-jystem. The reason is not, as 
might be thought, that other^-i^e tfie agency 
would have no raison d'Otro . hut rather that 
designers can not design a system without 
alHo performing the function of an agency. 
The design of the software can not be 
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iruleptMulcMit of the availalnlity of llVe hard- 
wart*. 

148. Thv .software relationship which en- 
surew mutual compatibility of the har(Jware 
( omponent« need not directly .specify the 
materials they are rnatJe of, nor whether 
th<»y must be homwf^eneous or lieter-ogeneous, . 
r#ut, although it neetJ not specify all of their 
dimensional or.vv;,ei^ht characteristies it 
must certainly specify some, aruJ besides de- 
terrniniru; tiieir permissible locations' in 
space, it must also specify thu^jr functional 
perfurmanee, the form of their inte rfacin/:^ 
profiles and .sometimes their appearance. 

A a a consequence tlie (Jesi^n of the relation- 
ship is as inseparable from the desif^n of 
the (!omponents as it is dependent on their 
availability. And as a further consequence 
the instances where the system (Jesi^ners 
have not also desi^neiJ the components con- 
stitute no more than rare exceptions tt) a 
general rule. 

149. Now'beariru^ thi.s last point in mind, 
lo^jether witli tfie fact that for one system 
there may be a number of (Jifferent compo- 
nent producers, how can the cr-iter-ion of 
(Jesi^{n/pro(Juetion inte^^ration be met':* Or 
j)Ut another way', .how can the ."-iystem (Je- 
sit^ner, obli/^etJ as he is to initiate aniJ even- 
tually approve, if nt)t to monopolise, the de- 
si^r/of comporuMits, mak(* certain that he is 
takinfj full account of production considera- 
tions and the expertise of alJ the producers 
involved'^ 

150. With the exception of CHOCS (which 
in this as in other resj)e(!ts is'untypical) the 
desif'n of all but a very few cornj)onents, in 
all the systems studied, has followed, = to a 
greater or lesser (»xtent, the practice com- 
mon to most forms of industrial production. 
The initial desi^^n- for a component is sub- 
mitted for the manufacturer's comments 
and modified in the lif^'ht of them, after 
which a triaT production run rnay lead to fur- 
ther modification before the desi^^n iu final- 
irjed for full production. In short, desi/^n is 
a mixed process of "desJc- wor-k" and f)rac- 
tical deveJopmont, in which the system de- 
si^^nertmd the producer are complementary 
participarfts aimin^.^ to strikt^a balance be- 
tween ends and means. 

If)!. Clearly the development desif^n pro- 
cess just described is impractical if a lar^e 
• number of producers are comp(»tin^^ to win 
an order for the same component; yet for . 
the system clesif^ner to work with only one 
prrnlucer may put others at a disadvantajL^e. 
The alternative rs to /i^ve a sin^^le producer 
a monopoly, which is unacceptable to any 
s( hool buildinf^^ J^j^jency w fiich is a( countable 



for public expenditure. Nowhere has this 
dilemma been entirely resolved, but in dif- 
ferent cases studied different approaches. to 
a resolution have been made, each with 
attendant advantages and dif*id vantages 
which ar-e wor-th noting. 



COMPETITION BETWEEN SYSTEM 
AGENCIES 



152. first approach (adopted in France 

and Italy) has been for the school building 
agency to put system agencies in competition 
with each other but to leave the latter free 
to make any arrangement, they wish - mono- 
polistic or otherwise - with component pro- 
ducers. In Italy.^'EAL, as a system agency 
has won contracts in competition both with 
rival^ystem agencies and with "non-system 
buil^PI cimtractors. In France, thirty or 
so competing system agencies bid fo<" a 
share of the annual building programme. 



153. The advantages of this approach lie 
in its apparent simplicity and clarity. The 
disadvantage lies in the difficulty of compar- 
ing like with like, which arises from the fact, 
already noted, that the cost of systems can 
only be compared in terms of the cost of in- 
dividual buildings for which they are used. 

154. Some school building agencies have 
sought a way round this difficulty by basing 
the competition on typical designs drawn up 
by architects commissioned or employed by 
the school building agency itself. But be- 
cause the dimensional relationships and 
other key characteristics differ from one 
system to another the building which each 
particular system can produce is unlilK»ly to 
do more than approximate to the typical de- 
sign. As a consequence the lowest bid may 
represent an unacceptably wide deviation 
from the typical results which are sought, 
or a J)id only marginally higher than another 
may offer rji^piificantly better value for mon- 
ey. Thurj in awarding the contract, an ele- 
Vient of judgement haa to bo added to the 
apparent objectivity of the price alone, 

155. A further difficulty of comparing Hike 
with like arises from the fact that the coatS 
of a finished building is determined, not 

only by the price of components supplied, butv 
also by the costs of assembly and by the ex- 
tent to which the system loaves some of tlie 
total building to be constructed by non- 
system methods. As a consequence school 
building agencies have tended to see 4ogic in 
requiring thb .jfystem agency to act as assem- 
bly contractor also, competing not only for 
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the supply of romponents but for construc- 
tion of the entire building. Then, because 
ihv design of^scfiool buildings is not only 
coac(!rne<l with educational requirem(?nts 
but also with satisfying them in a manner 
which uses the system to best advantage, it 
• is but a small step further in the logic to 
require the system a^gency to take yet more 
responsibility by designing the building as 
well as the system. 

15G. ^hen this strategy is taken to its h^- 
git:al co/^iclusion t\vo consequences follow^ 
« First the apparent objectivity of price-based 
competition is (fven further confused by tfie 
necessity of extending<the influence of qua- 
litative ju<Jgement, so that the impartiality 
require(J by public accountability is not so 
clearly beyond dispute. Secondly, because 
the variables in providing an educationally' 
acceptable <?nvironment are so complex, and 
because no definition of educationally accept- 
able <'an be absolute (see Chapters IV and V\ 
the (_<)mpromise between the; desirable and 
the feasible is a matter for inter-active de- 
t:ision between educationist and designer. 
Yet it is clearly impractical to provide for 
such inter-activo decision-making when edu- 
< ationists act on behalf of a single school 
building agen<y while numerous system 
agencies, each with its own designers, are 
competing with each {)ther. 

Hi7. rhc <Jisadvantages of placing system 
ageru les ui coiiipetition seem \vhh acute the 
nearer the educationfil activity accommodat- 
ed lie.s to wJiat we have called the "starting 
point of expository teaching. For such 
a( tivity the functicMial requirements of 
school building are comparatively simple 
and easily defined. Hut for educational 
modes remote from the sUrting line this is 
not so, and the "strate^^ of competing agen- 
cies then seems inapprupriate. In this 
respect it parallels the "fita'ndardlproduct 
stratef^jy-'^Jiscui^sed in Chapter V, 



COMPFTiriON HKTWKEN COMPONENT 
PRODI JCKHS 



ir>B.. Effectively, the only discernible 
alternative to a strategy of competing aya- 
tern agencies is one where the school' build- 
ing agency itsolf ajaaume:-] the role of rjyt;-. 
tem agency and places component producerrj 
in competition with each other. We ahaU 
style this alternative a '^Jtrate^ry of com- 
fUJting producers". Of the career] studied, 
thorje where this strate;_^y hat: been adopted 
- with variations in detail which will be 



note<i later - occur in Caria<Ja and the United 
Kingdom, 

159. In paragrapfi 149 the question has^^ 
already been asked of how the system de- 
signer can design components w.hjle taking 
full account of tiie production expertise of 
all th'e component producers involved. When 
for any single component afwJ its variants a 
number of producers are in competition, 
tfie problem is analogous to that pose<J when 
a Singh; educational voice inust join in inter- 
active decision-making with a number of 
system agenc ies in competition. The sys- 
. tern/ component designer cay not, in reality, 
take full account of all the idiosyneracies of" 
every producer. A way has to be f<umd of 
limiting the number of producers with which 
this interaction can take place. 

IBO. All sub-systems of a system are, by 
the nature of systems, int<»r<icpendent. In 
practice, however, it has been found that 
one key sub-system sets the tone, as it were, 
with which the oXher must keep in tune. 
This key sub-system is usually the one which 
governs the major dimensional characteristic 
of the system, the lowest <'ornmon multiple 
by which the overall dimensions of a build- 
ing are determine<J, or the permissible lo- 
cati{)nK of individual components. In m<Kjt 
cases the key sub-system has been the stru{>- 
tural franu;, although in the SEF system it 
can br ar^rued that it was the <'<?iling/ lighting 
sub-system, by whiuh the prime obje<'tiv<' 
of adaptability was expected to be /net. It is 
in the desi^rji of the key sub-syr^tem that 
most system agencies have conc<»ntra tc<J ' 
th(!ir efforts to collaborate with production 
expertifje. 

161. In the case of the CT.ASP .syntem, so 
much importance was attached to '<'ollabora- 
tion with tlie key sub-syslu^^i pro<Jucer that 
the producer in cjuestion - the produ<'er of • 
the stet>l frame compori(?n^«j/- was given the 
privilege of what was tanf^inount to' a mono- 
poly. Nevertheless, s(?ref^tion of th(» pro- 
<lucer was based in the finjt inntaricc* on a 
number of carefully specified criteria - 
indutjtrial capacrity to manufacture cornpo- 
nento of thctype required, managerial abil- 
ity and willingness to collaborate on <Jeve- 
lopment, engineering design expertise, fi- 
nancial reliability an{l general pri<!e levels 
and profit margins ascertained by prelimi- 
nary investigation t{) be competitive^ if not 
the lowest invrriably obtainable. By nego- 
tiation before any contra{-t was placed the . 
system agency agreed with the^jel(»cted 
firm the l(»vel of profit accefUabh* to both 
parties for a given volume of pro/Juction; 
and once production corniruMiced the firirl * 
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rriadf all its accounts available for inspec- 
tion by the sywteni aj^ency, 

1()2. During the initial sta^^es of system 
{ietelop?nent ainular arran^einents were * 
made vyith a limited number u{ other sub- 
systems- /k-c ) ( I u ( • e r- s , w h e r* e cl e .s i r i / {) r < j ciu < - - 
tion interui-tion was i-onsulered tnnvv impor- 
tant tK'Ui strictly cornputitive bidding. In 
Hubsequ(?nt di'V(»lopment, how(»ver', com^je- 
titive bid<lin^^ waw introduced even for* these? 
sub-systems, and although the or-i|:»inal 
firms enjoyed some uutia4 advantage tl^is 
was r<»f»ard(»d as fair comfjensation for their* 
c{)ntribution to th(? develo[)m(»nt pr-ocess and 
did not.deHer other firms from cornpetinj,^ or 
[)revent tliem from making.; succi»ssful bidw. 
As .further development \u-(^fJ,vt-Hi^i*i\ stUl 
other firms w(»r-e occasionally offer-eel terri- 
, porary monopoly until sufficient a{Jvanta^'c 

had been ^,'ained from the (Jesi^n/production 
X interaction, I'Ih* st(»el fr'arnt* key producer 
/ has maintaine(i his mono[>olistic advanta^^e 
^ ^)ut tmly in the faceN)f p(»ri(MJi(: chec-ks by tlie 
.systinn aj^tnu-y that his [jrii et-i can not b{? un- 
{J(?rcut by corn[)etitors, cjr at loawt undercut 
fUiffic-itAntly to warrant breakin^^ off an aiiuo- 
ciation winch the a/^en{!y re^^^ards an valuable 
for maintaininf^ prof\vvBH, Where comp(»ti- 
tive bicjdiru^ harj been Uficti, a cort tract f{)r' 
two-thirdf> of the volume of re(iuire<i produc - 
ticm haii been awar<le<l to the lowtMit bidder, 
andnhe {ith(»r thir-c! to the rjecond lowe^jt, the 
nc»xt ;Ua^;e of c{)llaborati v(» developrrufnt tlieri 
bein/^ shar(»d between th(? two firm.';, 

Ui:^ It ii> important ifi rtM-o^^ni r>(» tliat the 
appr-oach juut defjcribetJ bar; (ict-u rr(?d w illiin 
a ftjrru of financial adminifJtr-ation ( harat-ter- 
ifjed by what in (*ha[)ter- V ha.^i h(»(*n {'all(»d a 
"fitandar<l c-oiit !irrate/-!y Thu."^; there iuu; 
been str*(jru^ (external prerisure t)t\ the aji^enc y 
con<"ern(»<l to (»nf^iur'(» that itrj r(»:;ultunt build - 
inilH f)r*ovitled the rA»quirefl (juantity and qua- 
lity of accommodation within a pro -deter- 
mined limit of expenditure; no that the jiarne 
external {)r-(M>f;ur-e (xmrjtituttMj in itru'lf fjome 
i>uf(?/^jard af^airuit porjrjible abufJt? of monopo- 
lifjti<' or fiuafd-monopoli tic advanta^^erj. 
\Vher(» a i;tandar-d pr-oduct rotr-ater^y' appli(»(J 
thifj fjafe^^^uar'd would be abfient. 



VARIA riONS OK PHODIK KH 
COMPETITION 



U)*4. I.im,it(»<l attemptfj have been made to 
incr(»afie cbmp(»tition amonn pr-oducerr; by 
av()i<lirw^ the n(»(»d for tiie j;yrUem defn^ner to 
defji^vi the coinjiorH'nt arnl Ihufi to en/'a^^e rjo 
interac tivcdy with produc tion exjiertuie. 



These atternf)ts Iiave bjeen based on the con- 
cept of i)erfcjr*rnance specification. 

165, For prt'sent purposes tins concept is 
most easily explained by reference to the 
particular example of an internal partition. ^ 
As far as the system is concerned the only 
important spatial characteristics of parti- 
tions which the systerrr designer need specify 
are the increments of hei|^;ht an<l lenj.n^i 
which they ar'O ne(f<ied, arui their tliickness. 
lie need only specify their sectional profile 
in t(»rms of the roofs or ceilin^^s an<l floors 
with which they interface, say whether their 
vertical suies must be entirely flat or can 
be rnoulde(i,\ Hut he also needs to specify 
such charactWistics as the sound reduction 
they must prot>Kk«, their resistance to fire 
or meclianical dahia^e, wheth(»r they need be 
transparent or tr-anslucent, and so on. Tliis 
then IS a pe? r'formance specif ication* What 
material cjr- materials ar*e used, whether the 
p^irtition IS made c)l full height panels or 
built up fr-orn smaller units, cjr how they are 
join(»d an<J fixed, are of no concern provldecl 
th(? assembled partitions perform as speci- 
fied. Thus many alternative wfiys may 
exist whtM'eby producer's (ran m(?et a fjer- 
forrnanc(»^^J|^eyifi<:ation, and responsibility 
for tliat element in component <iesi^^n which 
mof^jt interacts with {)r'o<luction expertise can 
be transferr(?d fr-om the system a^^ency lo 
the pr'odu( e-r fir-m. 

If) {J, Why no mor-e than lirnit(»d attempts 
hav(? b(HMi rTia<ie to s(»( ur-e [)r*(jducer- crom pe- 
tition on this basis is a matter for conjec- 
tur(». One [xissibility is that in f)ractice th(» 
interfacuu^ oomplexitiew in tju.« case of many 
elements ar-e so I'xvai that they can n(jt be 
ecnuiidered rjeparattdy fr-om the pr-ofiles that 
( an feasibly be [)r-odu( cd. 



HKV ('OMPKTrnVK AHHANCnOMKNTS 



lfJ7, The SKF rjyfjtern af^ency was in effect 
identifiable with the compleK of Tor-onto 
ficliool building* aj^toncies and, althouf^h at- 
tempting to pr'oduce fjchool buildin^fJ at costs 
equal to or lower than thost* pr-odueed by 
conventional methods, was not in competi- 
tion with any other system an<Hi<'y. Hs sys- 
tem was <-onceived, however, in ter*ms of a 
limited number of ten interfacinf^ sub- 
rjystems (1), Kor each sub-synt#n the SKK " 

U rh(» ten rjub-fiyst(?mfj w(>re : 

\) Structure: Includin/^ floor and ro<jf- 
(T(7( irelementfi, fipannln/^ m(»rnbcr-M, 
( (dumns, etf . i and pr-ovision.'j to 
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«l(»si^n(?rK produced a ()t' r fo r-rnaru e specili ca- 
tion stif)ulatiri^ the fxiru-tional r(»(iuirernerits, 
what other sub-«y sterns were to interl'aee, 
and what interfacing (-(mtHtioris were to be 
met. Producer firms Ave re then asked to ^ 
rjffer sub-systems h) their, ovyi desijirn. Thus 
the sy«t(»rns a^j(»nc y f)hu ed sub-systems 
agencies in eornpetition with each other* and 
left it to them to ar-r-an^e for* desi^^n and 
production of the cc)rnpc)ru»ntH needetj. By 
this means the system d(?si^ner-s concentr'a- 
te(Lun the "software" rehitioriship, the com- 
ponent desijrners (inte^r-ated in u sub-system 
[H-oducer's jr^^anisation) cotu'C^ntr-ated on the 
har-dwu re". 

1{)8. hiterfacinf^ compatibility b(»tween sub- 
systernK was also -the r-esponsibility of the 
sub-svst(»m producers, Kach sub-syHt(»m 
pr*oducer was ther-ef(jr-(! obliged to collabo- 
r*ate with at least one of the producers of 
every Kub-sy^tem with which his own had to 
interface. Siric(» thr-(»e of- the ten sub- 
5-jysterns eac h had to have interface compati- 
bility with as many as five of the others, 
the bur{Jen of mutual eo-(jrdination placed 
on comf)t?ting firms was obviously formi- 
dable. The proce<lur-(» also demanded that 



the names nS ever*y firm intending to biciJiad 
to be made known to the (jthers. ^ 

Ifiy. rhat the procedure operated well 
eruju^h for 20 schools to be built is itself a 
tr-ibute to the r*ernarkable managerial and 
technical competencJ^ of the SEF agency; I 
but its complexities were such that a major 
effor-t would be necessary to apply it with ^ 
e<iual success in a different technological 
or managerial context. 

170. Implicit in the procurement issues 
which have now been discussed is the fact 
that what solutions are feasible in any par- 
ticular cir-curn stances depends on the rela- 
tionships existing between school building 
agenci(;s, systems ag(»ri( uv-; and c c)mf)onent 
producers. In this respect the pr-oblem of 
rtionopoly is no different from the problems 
oJ* designing systems to meet educational 
and economic criteria, or of meeting the 
six conditions set out in the first part of 
this chapter. The solution to any of these 
problems is bound up with the kind of work- 
ing r-elationship which can be established 
between all parties to the procurement pro- 
cess which Uegins with identifying educa- 
tional needs and ends by satisfying therti. 



Note 1) (cont'd) 

acc()riimodate the r^e(iui rernenttj of 
outside walh'3, lighting-ceiling and 
interior* H()ac(» division fnib-fjyf;t(»mH. 
li) AtriHUipher't* : Heating, c-ooling ancl 

v(»ntiJation system h. 
iii) I .ighting-C'eilin^f : Lighting fixtures 
ana conriec^tions, acoustic installa- 



tion, ceiling parn 
for th(» electric -( 
tern . 

j ritj*^'ior' Sj>ac e Division 
Tioru:, dooTs 



, and pr'ovision 
( tr*t>riic ^^^lb-^3yw- 



Inside [)arti. 

f)anels, gla^^^;, chalk - 



hoarrl;^, tat k f)anels. 
Vert ica l Skin : ()ulwicj(» wall; 
flows, anTTTIo ( ) r . 



W'ln- 



^'^^ ^'^ur nbin^: IMurnbing fixtur-(»s, warjh- 
r*()oriu^. 

vii) I'Mect ri(^]'Me(^-onic; Lighting paneh], 
int(»7Tor wTFirig,^nt(»gr-att»cl public 
address devices, fire alarm and 
other* systems, 

VI li) (^isewor ks and Kurn itur^?: Cupboards, 
c()unt(»rH, lock(»r-s, storage fa( ill lien 
arui loose fur riitur-e. 
ix) H()ofing ; Hoofing, irujulation, fiky- 
lights rascias and rnirjc^ellaneous 
d(»taih'i. 

x) Interi or Ki n ushnuj: Floor and wall 
FirilrtTios, 



Chapter VII 

WORKING RELATIONSHIPS 



SKI'AHA I ION OK DKClSlON-MAKlNXi 
MKCHAMSMS 



171. As we have siucJ. thf t'(iuc atuuial ob- 
H«( tiv»'s^)l •^rhnol buildin^T - m !iu» 
widej-it st»n .(» - art* to {)r-tn'iciL» the ri^^ht kincJa 
of buiUliru^ Ui HUit both the (iiver.«^3ity of 
schools which the cur-r'tMit uckicational sys- 
turn rH'orl.s, and the fiivGr-*^ity of educational 
rnod(? or method appropriate to each kind^of 
school in the stern; to pr-ovi<je these 
«')chf>ols in the fiuantity and at the speed re- 
quir'i'd, and yet at the ^^jariu? time to balance 
con'iicJerationro of "kinfJ", quantity and time 
ajL^aiiU'it the (»quaJly important one of acc(»pt- 
able expenditure. Hut thfjfoe v.ho are respcjn- 
jjible for financial planninf^ (and det(*rriune 
(global bud/^etw) are difft»retu people with a 
different official role r?r Htatus frorn the 
educationul f>lannt?r!i (concerneci with the 
time, quantity and i:tructur.»l needn of the 
educational fiyntern), and similar* differencerj 
exiy-jt between the t-ducati^/nYUitH teach or 
direct teachirn^ in each typcAj-f fjchool and 
the architect'i and cUher;; «<^jpt>ntjibl(? for 
def:i^^n. If all cf)n^iiderati«)rvi at e to be ba- 
lanced, it ifi not "^iufficient frtr an element 
retiporuiible for one a{ the.«J(? fun( tion'J to per*- 
forrn\itf^ function ^ieparat(dy; all four ele- 
ment ri - financial plannerrs, e^JucatifJual 
plaruierfj, "claHbrr)orri ef3ucatif)niKtjj" and 
defjif^ier^i - need to work Xu^.aXXMiv, to co- 
operate, with no c)ther objective than to 
f^trikc* the balance required. In tjhort they 
rnu/;t have the rif^ht ivorkint^ relationship, 

172. Ihe ijffit lal i.taHiSi ni each elerne^nt and 
low it relatefi with the oth(^r r> var-itv'i fr-orn 

one c cinntry.to another ac«*or'<3inf^ to the ^ov- 
rr nrm^nta! ^;trt;ctUT »' within whic h it operat(»H. 
In riorne countries all (deriientB are predorni- 
iiantly c(»ntral j[^(n'(»rnment mechanisms, 
Ce. ranee), in other^j local (e. the 
t'niterl Stat(Mi) or Konie kincJ of m'ixture of the 
two (e. i\, Swcfien, the Tnited KinK'Iom), In 
f;orne the financial and (»ducatioiial planriin^^ 
ar-e centr-aljri(»d while re.';)f)t)n^abihty for edu- 
c {itic)tial br-iefuu» ancj df^iji^^n ar-e loc al, or*, 
a;i yet another alternative, national financial 
planriin^'j jiafj to be r-ecuuciled with both loc^al 



financial and local educational planninf^ 
(Kngland and Walea). Similarly educational 
briefing may be centralized while design iH 
localised or both may be eitiier central or 
local, while in r-jome ca8<?8 a middle regional 
element alsb intervenes. Thus the problerps 
of establishing a satisfactory working rela- 
tionship between the elements concerned can 
be of formidable dirnensions, 

17 3, A solution to these problems is needed 
whether industrialised buHding is used or 
not; but it is emphasised here for two 
reasons. First, ventures in industrialised 
building can fail for want of one, rather than 
because of disadvantages inherent in indun- 
trialised ljuilding itself. Secondly, in J:he 
case of industrialised building the links be- 
tween all the decision- making elernents are 
TTKjre complicated, since not only have fhe 
individual buildings to be designed, but the 
standard systeni also; Comment on failures 
of communication in any particular example 
would not be constructive unless made by 
nationals of the country in question, since 
only they can hope to be familiar enough 
with the institutional niceties,, national leg- 
if^'laticni and practice whi(ih must betaken 
into account. Nevertheless, the study sug- 
gcMjts that all countries need to look critical- 
ly at how woll'the decision-making elements 
inter-relate co-operatively, since failures 
in ccnnniunication between them are the chief 
obiUacle when school building fails to meet 
the multiple objectives of quality, quantity 
and cost. The main.purpose of this chapter 
is to provide a t)asin for such a critical re-* 
view. 



NKKD F9R STOTHESISING MECHANISMS 

174. Central to the whole patterivof deci- 
sion-making, and equally importan^ts finan- 
cial and educational planning, is the\jGed to 
enffure that the-buildingtr-pi:pvided by in- 
dustrialised system are ' right" for theVdu-' 
(National pur-poses they ar(» intended to sarve. 
Yet hardly any countr-y has instituted a I 
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t'i)rnf)letely satisfactory mechanism for irJen- 
tilyin^^ and communicating the educational 
brief insofar as "classroom ecJucationists'' 
are concerned - that is to say, those who 
work in the hc hotels themselves and for 
whom the buiUJin^ anti the environment it 
f)rovides are as much essential tools as 
hooks or oth(?r' learnin^^ material. 

175. Here the Tact must be face (J that for 
any one systern there are rnany iniJividudl 
buildin^^s, usually as many buildin^^ desi^^n- 
ers, antJ even more ecJucationists. Educa- 
tionists," for their part, have particular cJif- 
ficulty in forming a collective view on their 
requirements i-es()ecting thy built environ- 
ment (1). This su^^^^ests the need for stnne 
kind of synth(?sisin^^ mechanism comprisecJ 
of leatJiri^^ ecJucationists, who riiay nut neces- 
sarily thernselv*'s be en^^agetJ in teachin^^, 
but who have \VitJe experience ancJ familiar- 
ity with current e(Jucational practice an (J its 
neetJs, ancJ who ( an discern what^fc+fose needs 
imply for pfiysical accommotiatimi, with suf- 
ficient insi^lU to bii able to collaborate with 
(J(?sij[^ners in formulating a brief. Clearly, 
however, «ucli collaborative brief- formula- 
tion IS impractical whc^rerriany indiviciual 
builtJings have to b(? (Jej-ni^Ti^tJ, vixrU of fifiern . 
by a (Jifft.'rent (Jesigner or (iC^fign t(?a'm. 
Thus there is an et^ual neetJ ir><* a counter- 
part syn the si sing nu*t -hanism compiirsed (jf 
{Je.«-iigners able to give a similar lead'by vir- 
tue of th(Mr own extensive tjxperience of ancJ 
familiarity with schotjl buUtJing problems. 

I7f). When-th<?sc? two mt^chanisms of)e rate 
toget|rer th(?y art? able to formulate a br'fef 
f{)r an iruJivnlual buihJing or for iruJwitJual 
buildings, eac h of whicli can ref)r(iserU a 
new point of departure in ^'ducationai builtJ- 
mg development aruJ.whicfi can reveal tlie 
criteria whi( It buihJing systems must meet. 
When a number (jf builtJings have bef?n 
(?recte(J in the syj-jtem, these two synthesis- 
ing mechanisms can again work together* in 
examining the results antJ in ich?ntifying n(?w 
crit(?ria or changecJ (»riU?ria which iJubf4(?- ^ 
(juent modifications ()r subserjuent systems 
fihoul<I riu^et. In ('{jmbination thejy constitute 
in effect what can be" called an "educatH)naK ' 
(Jeveloprnent group", bt'cause it in a grouf) 
iwhich sets new (Jeveloprnents in train. 
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arxl ScfiooPHuiltiihg", by H i r gi>tUsuikf\^ 
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177. The cJesign synthesisers are of course 
those who can by virtue of their experience 
as buihJing designers best collaborate with 
the sy 55 tern (Je signers. When they do so, 
they constitute, with the system tJe signers, 
what might be dt^scribed as a "systern deve- 
lof)rnent group". Hut if they are projjerly 
to perform their function in this respect 
they must also maintain steatJy and clear 
communications with the indivitJual tJesign- 
ers who de>sign the bulk of individual build- 
ings {)ro(Juced. 



SOUlE EXAMPLES OF SYNTIIESISIXCJ 
MECHANISMS 



17 8. No case has been noticed vUiere edu- 
cational synthesisers form a separate group 
operating wholly independently from a cor- 
r^'sponding group of designers. This is 
hardly surpri.^ing, since educationists (jn 
their own are unaccustomed to thinking com- 
prehensively about the total physical envi- 
ronnr(»nt they need: they tencJ to see it^in 
ter*ms of piecemeal iVnprtJvements over what 
they are already used existing schools. 

Such f)iecemeal irnprovt^/nent is certainly 
not worthless, indeed, many advances in 
school. building originate in improvements 
which practising tea<;h(;rs have introduc(?d 
themselves into the buildings they occupy. 
Hut when teachers can be assisted by archi- 
tects in a collaborative effort they recognise 
nOw possibilities which unaided they can not 
irnaginc?, so ttiat a dialogue then develops 
b(;tw(?en educationist and arcTiit(?ct and the 
proposals eventually made for huihJlng re- 
sult frorn a continuing exc-hange n{ ideas in 
the cour se of this dialogue. * 

17 9, The clearest example of collaboration 
betwt?(m synthesising educationists and de- 
signers*iB found in some of the English local 
authorities, ' Tlie tuJucational branch of these 
aiitlio riticfw includes a number of "(educa- 
tional atJvir.;t?rij," whtj^e main furiction is to 
k(»(?() in touch with.e?ducational d(»v,el(jfjm(?nts 
(U-iginating in schtjols administered IkuIi by 
th(?ir t)wn authority and by othe^rs, an^J to 
ensure that the ()t;actising teachers whom 
they advise are made awar-e of them as soon 
as pt)HSible. In. performing this function 
they themselves harvest itJeas from the 
t(^a(!h(?rs and are thus in an ideal fjosition 
for knowing^ or at hjast for rc? cognising, 
any neecls or f)rohl^rn;^ r(?hiting to buildings 
and equip)ment, 

180. In each c)f thesf? authoriti(*s the edu- 
cational branVh has a countc?rf)art in an 
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Jiri hitfr ts braru.h responsible or ihv dcsiU" 
(jf all s( hi)t)l buildings and otheV buibiinus 
wbu h the authority rcfiuiri's, iimludin^ 
loininiinitv larilities such as youtlli ( lubs, 
publii libraries, sports Ijalls, fil-e stations 
et al. riie afuiual volume V^f worlAthat an 
an bitei ts' branch 'f)!' this kind u jll umlta;- 
tala* is lar^4e enough to dt-niand the etTnft 
nt i)erhai)s six to a do^'fn ni(H*e (h'si^n 
tjroups, earh ol uhii l^ vvoiild be tjie equiva- 
lent of what in many rt)untries \\ould be an 
indjvidual private :u ( hitet tural practice. 
liUt whereas the lattiM' works for a wide va- 
T lety {.r clients nn a wide variety ol projec ts, 
i rlu'se f.;riJU[)s work for only one, and incjst 
i)i tlu-m work inaudy on schnwl buildings, 
\Mth the result ttiat tlK-y must, as it vve.re, 
''live witfi thfir mistakes", and c(Misc»(jueritly 
( an easily apply to subsccjuent dcsi^nis tiic 
U ssons learned by e.aluatifi'^ earlier ones. 

nil. In making these evaluationb arid ai)i)ly- 
jrif! the lesj^ons learned each ^',roup ( an rely 
on the ( [use ( ollaboratiorj of the edu( ational 
advisers desi ; ibed in i>ara^M-ai)h IViJ abovi'. 
However, when ( han^uij,' educational retjui- 
rements point to the need for ru'W develofj- 
riients m building, the extra flesi^^i time 
rH-eded means that these new developmentH 
can noft be e\plor(*d by all JM-oui)s at once. 
One t^roup must, with the ethicational advi- 
sers on tiarul, ( (institute the deve lo[)inetit 
i^roup, settiru; a lead for the others to follow, 
TiUt bec ause all {groups are [)ar-t of tlie same 
orjijani nation and^-oinmunic'ations flow easiiy 
.md natur ally between thyrn, the development 
jM*oup can syjittiesise the view ancl test th(? 
rt*Ji( tit>u'^ ''t' the (jther'i and (pnckly [)ass on 
to theni its own (?Xf)(M*ic»nee and conclusions. 

The model just described, reflects, 
howfver, an institutuuial ar-rant^enuMit. [)(•- 
culiar to the rnitccl Kinj^dorn, In most Mem- 

* ber countriC'S public authoriticfs llo not enjoy 
tJie same service from hi^^hly qualified and 
skilhMl i)ublic architects. 'V\\\H rujed not, 
however, constitute an insu[)(»rable (obstacle? 

, to successful eciucationist, architect collabo- 
ration as tlie example of S/WISKAP in Sweden 
has shown, l(i thi;i example? a ;vouf) of inno- 
vating educ atipnistr; of the Malm7^ education 
authority worked to^^thei' in the same way 
with a corresi)onduu^ ju^JUf) of f)r-ivate archi- 
tects and this collaboration has been sus- 
tained throu^'hout a fx^ritxl c)f systematic eva- 
luation of the* resultin^Ji sc liools and school 
buildinf^s, KVNSPl.AX and (^!U)(\S re* 
pr*es(»nt similar arraruv»mc»nts, Init with lews 
ernpfiasi !^ t>n educati(jnal iruujvatiori. 

' WVi. The exami)le of SAMSKAP hafj not, 
howevt'r, b(»en widely folio w(»d, if at all, by 
other .Sw(»dish educ atif)nal authoriti(»s, i)rob- 
ably because the nv'ijority are^ cbmfjar ativcdy 



0 ' 

small and have no educational building; pro- 
l^rarnrne sustained oyer* an extended [)eriod 
of years. And as far as tlie llnit(»d Kin^^dom^ 
IS conrer-iied care has been taken U) speak 
onlv of some»lo(al authorities sinc(» not all 
follow tti(» practice des( rlb^rri, a practice 
which is (Mitirely at the discr-eti(Mi pf hjcal 
autonomy^and subject to no kind 6f l(»Kisla- 
tne sanction. Thus neither of the e»xamples 
so fa-4- (juoted succeed in synthesi sirl^ (?(hya- 
tional and de.si^.^n pra( tire at more ttian a 
local level. 'Vo illustr-ate how the synthesis 
can be taken further, to a national l(»vel, an 
Mn^lish example must a^^ain be i ite'd. 



CION l'HAI. /LOCAL LINKS 



1H4^ The l(u-al educational advisers of 
fjij^Ush education authorities ha\ c* a cc)untc»r- 
j)art in the so-c alled Inspectors c)f the na- ^ 
tionaJ sch'?)ols irispec-torate. Or'i^^inatnu^ in 
the If) til cofitury as watc hclo^»h ctiar^^ed with 
(Misurinf^ that loc al eclucatic)n author- it it»-s 
c arriecl out the func tions imposed on t^auy 
by law , the* mspec to ra te , while still [jEiyin^^ 
the same norniruil role, now [ilays much more 
the role of aclvisei", ensuring t^iat [)ractisin^ 
teac hers and their local authcji'ity aclvisers 
are awar-e of new i^lucaticjnal thinking!; and 
erner/^in^' eclucatioiuKl ncM'cl^j, lyic] actinf% as 
it w'c?rc»j as talent-scc)lH^; on th(» look-out 
fcjr c?frectivf» Iciarnin^^ methods intr*c>chic(»cl by 
innovatin^I practisin/^ tc^cydierfi, From tliese 
Ins^Jectors, c)f wliotn tln/re are Hc?vc?ral 
hur^lred, a small nurnljer I neve? r more tlian 
two or three) have be(<(|j:?^tiv('ri tlu? .'^[)(M:ial 
r'(fSf)onsil>ility of HynthcMiin inf^ an c»c]ucational 
vic?w with respect to buildlrif^ ncfecls. ^ 

IHT), LikewiHc?, the "developJtnent ^;roui)s" 
of j-jorne tcjcal authoritic»H have? th(?ir national 
c:cninterpart in the Architeetw and Builciinf; 
Hrancfi of the ('cjutral OepartrncMit (i.e. Min- 
istry) cjf LMucation ancl Sci(»nc(» (DKS). 
Whenever the lutipiuiiovt} difj(M»rn^ a ru^w ('du- 
eatic)naLdev(»lo[)merit-vvhich cl(»niands a cor- 
refii)cnidiri/» buildin/^ 'dev(dc)f)nient they colla- 
bc)rate with their arehitc»etural c()ll(»af^ue^; 
tc) develcjp a n(?w br'ief ancl to buibl a ncnv 
scliool buihUri^t whicli re[)resents a new point 
of cfejjar'ture frf)m which other de\'t^lc)[)m(?ntH 
can fell low as* the r*esult of fur-tlior* initiative's 
by th(» local authoriti(»s thernK(»lves, And by 
mc?anr^ of writtcni publications, f)orwf)nal con- 
tac:ts, and tiie example* of tJic» de»ve»lo[)rne»nt 
projCM't itself, the Insi)e»ctorate e^ncoura^res 
the .e fur ther lc)cal initiative's to be taken by , 
both Icij^^iil eclucationif»jts and local authority 
arc hiterc ts, - !''u r-thermc)re, the rnfjf)e»ctor'ate' 
effort is parallelled by a similar effort on 
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Uiv part tif thf I)KS A rt.h ittM ts aruf Huildin^j^- 
Hruiu h who lias thf dutv ol" rruoura^^ni^ its 
!()( aj ( (»urirrri)arts to uridri takf fui t[u r ilv - 
VflopTiientyi uhjc li takt* ihv ( ffit ral I y - (h^ si ^»iu't! 
cii-v f lt>j)iiu»fit pn) |t i f a^i t!a- pouit of (lt;[)ai - 
tun*. l \\v ri'sult art' tluTi t oiituujously 
e valuati'tj . l)a( k int^) the* i.ysU'in of 14)1 al 
crutral Joininijrii( afi(»fi and h^ad t v fiitua 1 ly 
t(» lurthtfr dt'VflopiiuMit proji'cts, In tliiio 
\Miy ( ffitrhl noviTiuiu'Tit institution acts 
aw the HvnthosiHin^.^ a^Mit bftwffii many 
Io( ai aiJtJiorjtii'h, 



ijDicA rioNAi. i)K\'i:i.()rMi:M 

KSSKN I lAI. 10 SYS'I KM Di: \ i:i .Ol'M I :\T 



IHH, PiW[iaf)>3 ausi' oT Uw fiistoric al pri«- 

fiavp also hri'fi takrn maijUy by ai t hitrc tn. 
It was a j:;rt»u[) ul" a rc lii ti'ctJo who fii iif pointed 
out to Lau^janni' tMlu( ati(<M autiioi ity 
(Swit/rrlaiid) Mvi advanta^^M's couhi follow if 
a wh(»h' JtiVi'stnifnt pro^^rainnic t»f trn nrw 
(Tcliools woji- to list? an industrial jsi»d buiid- 
syr,t<'ni cips^yicd Utv thr [)uri)f . Afid it 
the wanu* /^rouj) of ar( hitft tn v«. hV» for 
want (d an <*stabli shi*d rdu( alionai* fJf v<«h)p- 
nu'nt jE^roujj wi'ri' obli^»i*(i tJicni sid . <»s to ilou- 

i' in that roU* ah;o. Sinularly, wIjiti 
Danish Ministry of liduc atjorj, bidn»vni/» that 
jntiustrialisi'd biuldui^^ woubf ?^p<M'd i-dura- 
tit)nal buiidin^^ offcri'd hk iMitivi'!-> to IfKai 
anthoritji's t(» dt*vi*iop mdust rial isrd budding' 
nn'diods, it, was a ronsortjuni of a rcdi i Uu't s 
and <'nf^inc*<M's who un{irrto()l» boHi th<* system 
d(?v <dt»pnu'nt and the in . <*sti ^^ition lA' i'du( a> 
tionai n<MMis, rin* Study t»f I^duc atjonal Ka- 
( ilitjrs (SKK) on whic h an mdustna ii srd 
buildm^^ systi-ni was <*vi'ntually basi<*d 
a^^'ini thr ri'sult of an ifiitiativi* niadi- by 
arcdutiM'ts to tlu' M<«tropc>litan lorfnito 
Scliool Board, 



nU).- \o (*\ani[)Ii* tias ( ornc to attention of 
an a^'fu y oth<*r tlian c entral v**i'nnu*nt for 
synthesisi/u^ loc al initiatives in rt.'Spet t of 
educational ch»velopinent, but refertMice wjll 
later be made* to an example where voluntai*V* 
c (» -c)peraf ic)n bi*tu<»et) autt)ncHnous local 
autiiorities oc c urs with re/;()CM t tc» system 
cle vfdopiiient ; ancJ there s<*emr. ncj reason wliy 
!^uc h vohjt)tary co-operation shriuld not occur 
eclucationally . subject to one nnf)ortafit pro- 
vision. Ibis 1?. that either central (or re - 

t!ional) ^^o^erninent or a spec if,, local author-^^^**^'*"''^*'^^' ''' ' T''^'' 
liy nec.ds to take- the initiative m persuachn^r op^nenf.or c urrn ulum , ontc-i 

the other loc al autlic) r 1 1 ie s to join fore it.. 



1H7, Clearly, if, a.s the evidence ^ai in'yui^'*, 
there IS a ju st 1 fic ation for c rc*atinji» a mec lia- 
niS(n to ^^ivntliesihe educ ationaT ch» vtdopinent 
in builclm^^*, the ju st J f i c atic^n exists whether 
inclu serial 1 f.^cl corifitruc tion is used or not, 
T»ut sinc e such mechanisms proclijce cjevelop- 
ment projec afi sj>ecific incliviclual biiilcj- 
mtvs, ancl ^anc c tlu- value of a sf^-stc^m c an' 
oTdy \}*- jucl^»ed by tlie cjuality of the fipecMflc 
builcliru!s it c an j)rovjch*, an educatlo'nal clt-- 
velopiiienT ^^roup is iqdispc*mjible to syf.tem 
deve-lof)mi»nt, Inch^ed, ^is a matter c)f mte- 
restui^t historic al fac t, the; fu fit uutiative', 
for "ecjurational cJeve loj)ni c*nt" (in thc» c^mo- 
t.atif)n to It f^iven here), were niacle not by 
efluc ationists lln«m Ji<d ve s, but by arc hitrc'|T? 
(of Hertfordshire County Council, I^nnU^^d, 
in HMH /49) seeking: ("Jj ciev<»iop an industrial - ' 
iKud alternative to by -pass tfie labour short - 
ti^^es in conventic)nal building* and who founcl 
theinselves' unable to desi^»n an indu.strial - 
i.sed systc»ni without first findinj* what kind 
c»f builclinf's eciuc ation recpjir<»cl it to prochice. 
An educational clevelopinent ^rouiv is clesir- 
able i»veri when no system develo()m<*nt if, 
needecl. Hut satisfac tory livritein cli.-velop- 
inenl i-, iiironceivable without tfie supi)ortc»f 
an educational cle^v(dopin i«nt mec hanism. 



iHii, (^IIowc'VCji , there- aic dafi^M-r s- ifi leav- 
uuj tlief,je initiati\ c«r. entircdy with arctutect;.. 
The r;sk is that the educ atH»[ust, jirimarily 
terestech as he tenclr; to be, m c iiild devel 

nt^ mav l»e c cm- 
scious of hanclicapF. In suffers from afi m- 
aclecpiate-builclifj^T hut u, often v, hollv uriawarr 
of the* wcaltii of opportunity U\ii^^ ^^ooi] build 
mil ^ {.'pen up; an'! he will cinl'. awai.en to 
tlief.e ofiportunities if hr is pri)njpfc-cl to tdj- 
serve the intc»/'-ac tmri of people and buUcljfi; 
mc>re attentr;ely Mian he is nor/jiallv e>.- 
[lec tcMj ff», lie will only be pTom()?ed in thfs 
way if he v.i recpured to play .1 c rc ati . i* arid , 
active- rc)le in developin/^ desi^Mj^ with .n c In . 
tecfs. Hut ^oo Mftc«n lie- is »»rdy a;.-,i;^neci a 
pasMve roh- at the rec eivin^' <-ncl of a cpjes- 
Monnairc in wtuc h many mistaken asriumf)- 
tloriJj underlie tiie cpiefition:. po .eel bv the 
are hitee t. 



In easer. whc'fi 
more than this pa:. .1 v 
c at 10 rial development 
tcMn ^\ elc}j)nuMit". th 



tlie ecjuf at loiii st bar. n< » 
c" ri» le, wtien n« »^ e«du 
liiir. prfcecled the ' . 
rerailt iui\ sy .tem 
huh 
"fu 



-ti^ft^Ts to he at one of tu^o extreme 
ini^^ht be diibbt'cl eitlif r hi .Nii k aT (»i 
tuvistic ". At tlie lu.stoi K al extreme Mie ?.y , 
'tem 1?^ focusvd on , the traditional c dm ept of 

c lar.sroom - 1 eae hin^* by cHp»> .ition, anr] a . a 
^ I cinsecpjefK (• tenchj tTi confine- the .p« cilu 



Iniilclin^f?! to fornis niinnc al to other 
inj» mocjer., At tiiv futuri'itn e .tfenH- 
arc hitc'c t has fotmd the- edur.itmrn .t 
and uncertairi about hi', re-epu r crncfit ■ 
tiie rev.ultmf* system f f ta h im 1 • .e pro' 



ea r fi - 
the' 

i '/ajMi. 
that ' 

■■ if »n 
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for future change at the expense of the real 
needs of the present. Avhen, *^however, the 
educationist has played a positive and crea- 
tive role in Ihe educational de\^eIopmentj 
"i^resent needs are made precise without 
overlooking the implications of possible 
changes in the future. To elaborate further 
on the genuine need to take account of 
change vvoul.d obscure the main argument of 
this chapter, and the subject is- one ,\vhich 
is dealt with in a forthcoming' PEB report (1). 



links between educational and 
system3^ev5:lopment . 



191. Becau,se educational development 
work is so indispensible for satisfactory 
system developmientj there is an obvious 
need for the strongest possible links between, 

^ the two. Both of the development groups 
concerned can, of course, contain the same 
9 designers, '<?and indeed this was the case 
. ^vyith t};ie 1948 Hertfqrc^shire system. In , 
' -*that case no linking mechanism is needed. 
This represents an ideal, and is an ideal 
which is attainable .so long as educational 
^^development and ''system development can be 
discharged by the same mechanism either 
centrally*or locally. 

192. There is, however, a barrier to this 
ideal. Where a number of school building 
agencies use the same systefh in different 
local conditions, and when each enjoys a \ 
measure of autcJnomy there may be as many, 
educational, development groups as there 

-are agencies, but only one 'system develop- 
ment group. Even where the main lines of 
educational development are undertaken 
centrally (either by central government as 
in England, or in the hypothetical case of a 
single educational development group set up 
on behalf of a nuntber of agencies) some 

^educational development will probably stiH 

occur locally to cater for local conditions. 

This IS a^ain the case in England, so that a 

description of the liiiking mechanisms there 

may have some valUe to other countries 

where local autonomy is a feature of the 

institutional structure. • . 
- « 

193. As mentioned in Ch-apter VI (Pro- 
curement - Purchase and Supply) English 
local authorities using the^same system 

'constitute a consortium to mAcage the sys- 
tem, A single system development gqoup 



serves the whole consortium. Local educa- 
tional development work however is under-^ 
taken by the education branch of each author- 
ity, in collaboration with the architects' 
branch. The chief architects of each author- 
ity constitute, a development steering com- 
mittee, meeting the system development 
group at re^lar in|ervals and deciding with 
them what modific^ions are needed^to the 
system to cater for newly-emerging require- 
'ments including educational requirements 
identified by the collaboiid^tion just referred 
to. Under this arrangement 4t is reasonable 
to assume that those local -authorities who 
put most effort into their own educational \ 
development work are most able, as a ;'e- 
sult, to influence the system deve-lopment.^ 
But the criticism can be made that educa- 
tional influences on system development are 
exerted only obliquely, through the archi- 
tects, rather than directly by .educationists 
themselves. 

194. In drawing attention to this example 
we mxist point out that, in the case of CLASIJ 
which is the oldest of the consortia covered 
by our study, the system 'pre-dated the con- 
-sortium. It was originated by one local 
authority, Nottinghamshire, which then in- 
vited other authorities to join it in order to 
offer more attractive orders to producers. 
As a result the system, development group 
remains most closely associated with 
Nottingham. When, with central government 
encouragen!tent, other consortia werfe 
formed, they tended to follow the CLASP 
precedent when one <3f the authorities as- 
sumed a ce-ntral responsibility for develop- 
ing the original system, albeit in c£>fisulta- 
tion wilja/its partners. 




1 ) Providing for Future Change: Ada/ptability 
and Flexibility in School Building , 
op. cit. * 



LINKS BETWEEN SYSTEM DESIGNERS 
AND BUILDING DESIGNERS \^ 

I 

195, It is important to distinguish clearly 
between systems designers and building de-- 
signers. Individuals or teams of designers 
may have the expertise to be both, but they 
are never both simultaneously and the ob- 
jectives and emphasis of their work differ 
according to which role they are^ playing. 
The system designer is primarily concerned 
to 'design a system which maximises oppor- 
tunities of procjuction while minimising , the 
limitations on built form which the system 
imposes. In the previous chapter we have 
emphasised the cfose relationship which the 
system designer mi^st have with the producer 
in ord^r to maximise production opportuni- 
ties. But unless he is also responsible for 
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the building design he must have ai^equally 
close relationship with the building designer. 
In the cases where building designers Imve 
resisted the use of industrialised building 
systems this clos,e relationship ha-s not been 
established. When the building designers 
are not responsible for the system desigu 
their reaction;? to the system need to be 
synthesised and comniut^reated to' the system 
designers. ) \ v 

196. *ri\e primary cOiK-ern of the building, 
designer is, or should be, to maxir^use the 
opportunities for education while \n)rking 
within the cons-traints of cost and the limi- 
tations of tlie system. Tie therefore n^eeds 
to exei't a pressure on the system designer 
to reduce those limitations by diversifying 
the systelUj just as he liimself is under 
pressure from'' the educationist to rijaximise 
the educational opportunities. On tlie other 
hand lie neetls -to be well aware of the cost 
disbenefits whicli will result from a demand 
•for too many rarely used variants within 
the* range of variants the system offers. So 
he must listen to the'^system designer as 
well as influence him. 

197. In the cases of CKOCS and FYNS- 
PLA\ this symi)a^hy was assured sinc:e the 
sarrie organisations perfor-med botli roles. 
The same applies to FEAL whgn tlie firm 
conti-acts on a design-and-build basis. 
Wihen FEAL contracts to a design produc(?d 
bj/anottier organisation it modifies the ori- 
ginal design when the system so demands 
and when special variants within the system 
can not remove the need for modification. 
In short while the ori'ginal design may be by 
another, the fina4- design - winch is the one 
determining cost - is FEAL; so that FEAL 
is no-t, in^he end, diffei-ent from 1.iie other 
two case's. ^, ^ 

198. From this it may appear that clos0 
communications between system ary^-ajie--^ 
cific buikling designers are not particjularly 

problem. However, in both CHOCS and 
FY\SPLAN no moi'e buildings were "built in 
the respective system than the system de- 
sign group itself could comfortably handlej 
whereas when a s;^stem is extensively used 
Uie reveirse is the case^. And w^ith FEAL ' 
and French examples none of tjie requi- 
rements have been complex enough to bring 
the limitations of the system int© sharp 
conflict with the aims of the specific build- 
ing designer. But where e^ducational re- 
quirements aj:'e complex, when the pres- 
sures they create push hard against cost' 
ceilingSj and when the»architect is strug- 
gling to conjure the best compromise from 
the variable's at his diS'posal (iiee J^apter V, 



parag^raphs Z 1 8 to 120) th^n a sharp con- 
flict can arise. It then <fcecome s even more 
important that system designers and build- 
ing designers should obe able to influence, 
and to listen to, each other, * • 

199. T/iat the SEF system of Toronto'has ' 
not been widely used is due to several fac- 
tors not all of which reflect shortcomings 
of the system or of the supply and contr-act- 
ing methods associated with it. But ope of 
these factors is that so many specifi-c build- 
ing designers disliked the system and I5te- 
lieved they could 'produce better* results by*' 
alternative methods. A major English con- 
sortium MACE has Also run into difficulties 
with similar syriiptonis. Some of the reac- 
tion of individual (Jesigners against systems 
is ho doubt emotional and stems from a fear 
that systems wiTl cramp their individual 
architectural style^ While such fears' may •» 
in som-e cases reflect an unjustifiable-Vgi^- 
tism we can seej nevertheless, that real 
dangers can arise if the designers of sys- 
tems lcf<se touch with the design of specific 
buildings to the extent that they concentrate 
too exclusively on meeting technological 
r'equirenients of production, on means rather 
than on ends. There is some evidence that' 
oven the strongest advocates of., system 
building are now complaining that systems 
which they admired, in earlier versions are 
tending, in the latest stage of development, 

to suffer from this defect. This suggests 
that not only should th^ strongest links be 
n^aintained between system designers and 
specific building designers but that the , 
former should periodically e'xchange roles 
with the latter. 

200. Broadly speaking there are two main- 
instances whereby system designers are 
unavoidably separate people, ' working in 
separate orgaYiisations, from the designers 
of individual buildings. The first is where 
system designers are incorporated into a 
pri\^te or commercial systems agency, 
whilAdesigner s of individual buildings are 
answexable, either as public employees or 
as private practitioners, to a public sector' 
school building agency. Thts, of course, is 
inevitable with private .systems e^xcept where 
the s^s'tems agency op'e^ates a "package* 
deal' . The second instance is that of the 
English consortia, in which each of a»num- 
ber of school building^agencies employs its 
own architects (and with them may combine 
its^educational advisers in an "educational 
development group"), but where a single 
•system development group serves the whole 
consortium. (Reference has been made to 
this in paragraph 193, which has shown how 
links are maintained with local educational 
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developm'ent groups through the medium of 
a committee containing the chief architects 
of each school building agency. Because 
each chief architect is also in close touch 
with individual architects on his .staff, a 
link mechanism exists whicti is as strong as 
the individual^ concerned care to make it, ) 



CONTINUITY OF EXPERIENCE AMONG 
PRIVATE ARCHITECTS 



201. If, in the light of this report, any [ 
country seeks to promote a centrally- 
developed system; either nationally or re- 
gionally - as in the case of the English coht 
Portia or the Toronto SEP - then the English 
model may be one which is tempting to fol- 
low. But here a note of caution must be 
sounded. The public authority architects 
departments which are peculiar to the 

" United Kingdom have acquired a long ex- 
perience of educational building &nd already 
enjoyed the benefits of this long experience 
before delegating system "development to 
separate development groups - themselves 
composed'of architects very familiar with 
educational building needs. As a conse- 
quence, even though the personnel of these 
departments change employment from time 
to. time, some moving into and others^out of 
general private practice, each department 
as a collective sustains a well-informed 
attitude to educational building. Further- 
more, in the English case, the central 
government Department of /Education and 
Science has, since 1948, co-operated^ close- 
ly with local authorities in technical as 
well as in educational development and has 
therefore further strengthened continuity of 
development and co-ordination of^effort. 

202. The position is very different in 
countries* where the bulk of architectural 
work is carried out by general private prac- 
tice. If the English model were to be adapt- 
ed to such countries it would seem desir- 
able to ensure that 

a) selected general practices be 
given a sustained programme of 

■> ' school building commissions so 

that they can become familiar 
w.ith the special requirements of 
education and also with the indus- 
trialised buildirxg system adopted; 

b) Jirrangements' be made to co- 

* ordinate the selected practices 

ami synthesise their collective 
view on matters relating to sys- 
tejn development; 



c) further arrangements be inade to 
facilitate an exchange of personnel 
between the practices and the sys- 
tem development group. 



LINKS BETWEEN SYSTEM AGENCIES, 
BUILDERS AND CQMPONENT ' 
PRODUCERS 



203, A further distinction m'^ustinow be 
made, that between system agen<fies and 
system builders. Sometimes the^ same orga- 
nisation doubles in the two ;:ole's'but each 
role remains distinguishable, the first is 
to design the system and organise the pro-- 
duction and supply gf interrelated compo- ' 
nents, the second tp organise the assembly 
(jf the components in specific individual 
iDuildings - the role, in fact, of the tradi- 
tional building contractor. Now if these two 
functions are discharged, as they often are, 
by separate organisations, the building de- 
signer is again a link, since he must take 
account of the constraints imppsed not only 
by the system on the design but also' of the 
constraints of assem.bly, some cjf which are 
also imposed by the system. If the building 
contractor finds the latter too inconvenient ' 
the most natural means of communication 

.to the system designer (who may be able to 
lighten them) is through the building de- 
signer. Unless a special effort is made by 
the system designer to secure feedback 
direct from the contractor, those building 
designers who work in an educational devel- 
opment group seem best placed to perform 
effectively in this linking role. 

204. In saying that the role of a system 
agency is to organise the production of inter- 
related components v^e have recognised that 
an agency may not produce all components, 
nor indeed, even a single component. 
Among the examples studied are some where 
the system agency is simply a commercial 
enterprise which finds it profitable to per- 
suade separate component producers to 
make their products t:onform to each other 

in accordance with the standard interrela- 
tionships of. the agency^s system; and which 
exercises this persuasion by marketing 
each component's part of a co-ordinated 
package. In many cases the system agency 
may have a staple product or range of pro- 
ducts for which it cart find a wider market 
outlet by organising the production by^otKer 
enterprises of other components co- 
ordinated with its own. Alternatively the 
system may be produced by a building con- 
tractor wishing to minimise the use of site 
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labour gjid to whom component or sub- 
system contractors then sub-cbntract. And 
as a further alternative designers of indi- * 
vidual buildings may see an advantage both 
to- theni selves and to th^ir clients in de- 
signing a system and then find, like the com- 
mercial enterprise or the building contrac- 
tor, that they must also assume the role of 
system agency. Finally examples have been 
found of combinations between, fqr example 
building designers and contractors, contrac- 
tors and staple product producers, or sta- 
ple producers and buildting^ designers, " 

205," In all these alternatives the system 
designer is, of course, indispensible, as is 
the component designer, so that again the 
inter-relation must be so close that the one 
designer may play a double role. But be- 
cause the system designer is inevitably part 
of the system agency (see previous chapter) 
and the component designer - if a separate 
person - part of a production organisation, 
^ the essential decision-making mechanisms 
to be linked are those of the system agency 
-and the component producers. 



LOCATION Of''. DECISION-MAKING 
IVtECHANISMS 



206. At the start of this chapter four kinds 
of decision-maker were mentioned - finan- 
cial planners, educational planners, educa- 
tionists and designers . Jt will now be appa- 
rent, however, that the multiplicity of edu- 
cationists and designers points to a rather 
more complex categorisation: 

a) Financial planners 

a) and b) co-operating on output/ 
expenditure planning (Chapter V). 

b) Educational planners 

b) co-operating with c-) and d) to 
determine overall educational 
needs ^nd how to meet them in 
terms of school location and 
build ing» 

c) Development educationists 

d) Development project designers 

c) and d) co-operating on develop- 
ment projects (paragraphs 174 to 
177). 

e) System designers in system agencies 

e) co-operating with d) to ensure 
compatibility with "right" kind 
cost and quality of individual 
buildings; and with f) to maximise 
use of production expertise, 

f) Component designers/producers. 



207, It may at first sight appear that com- 
' munications would flow most freely if ^11 
decision-making elements referred tt? 
belonged to the same orgsuiisat^on. But' this 
is tp overlook the fact that this would only 
be possible if the organisation were very, 
large and that large organisations are com- 
pelled to break themselves dowji into sub- 
organisations.^ Furthermore /n all real 
cases some decisions are taken by one mech 
anism and some by another according 
tb the scale or magnitude of the decision 
, which ranges from national or regional is- 
sues, such as those affecting the overall 
budget, to local issues effecting an indivi- 
dual school,; the gilding provided for it and ^ 
the activities of^he teachers and pupils be- 
longing to it. Sdlle of decision is^also re- 
flected in frequency of decision; for exam- 
ple over a given period of time only one na- * 
tional of regional educational plan has to be 
decided, whereas many individual schools, 
each in an individual location, have to be 
built. It is this frequency of decision- 
making which seems to point most clearly,: . 
to the mechanisms with which each area of 
decision needs to be most closely identified. - 
The following diagrajn therefore shows the ' 
six mechanisn:is grouped in three overlap-' 
ping sets, in descending order from first to 
third according to the frequency of decision 
made. 

208. Ti^e most frequent decisio"ns are 
those that have to be "taken on many indivi- 
dual schools, and it is these that are most 
affepted by the building system. It is also 
the frequent evaluation of experience from 
such schools that should affect the develop- 
ment of the system itself. The development 
educationists and project designers are the 
synthesi^sing mechanisms in the flow of com- 
munications between the system designers 
and the many educationists' and designers 
associated with the individual schools. Thus 
these three underlined elements constitute 
the first order set. Since one system serves 
many buildings, system agencies (including 
their designers) and component producers 
are concerned with more far-Teaching but 
less frequent decisions, and so are placed 
in the second order set. Financial and edu- 
cational planners are concern'bd with deci- 
sions which are even more far-reaching in 
their importance, since they are likely to 
affect more tlian one system, but which, 
beipg byitheir nature long-term, are. less 
frequent. But In reaching their decisions 
the planners need to take account of the 
practical ways and me^ans by which plans 
can be* carried out, ways and means which 
it is the function of the developnient educa- 
tionists and designers to explore. Thus 
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I9t ORDER SET 



Decisions affecting and 
affected by individual 
school buildings and 
the educationists and 
designers associated 
with .each of them 



/ 



Financial planners 
Educational planners 



Z 



3rd ORDER SET 



System agencies Including 
system designers 



Development 
educationists 

Development 
project designers 



Major long term decisions related to 
output/ expenditure planning 

/ 



Component producers 



2nd ORDER SET 



Decisions about 
design and 
production of 
system and its 
periodic revision 



they are grouped with the two latter ele- 
ments in a ihir djj^dGv set. 

209. Now if it can be assunned that comnnu- 
nications are easier within a single organi- ' 
sation (subject to the size linnitation ali-eady^ 
mentioned) than between two or nnore orga- 
nisations, it can be seen that if all three 
elements in the first orde'r set can belong to 
a single organisation then, not only do they 
enjoy a greater facility for connnnunication 
with each other but the organisation itself 
belongs to the other two sets and can speak 
with a single voice to the elennents they con- 
tain. Such an arrangennent, however, is 
not always consistent with governnnent struc- 
tures, so thaf^ second preference is to con- 
tain the development educationists and pro- 
ject designers is one organisation (indicated 
by a broken line in the. 5et diagrann) and the 
systenn agency and its designers in another. 
Variations on this second preference have 
alf-eady been referred to in the United King- 
donn examples discussed in paragraphs 191 
to 193. Rut if the second preference is the 
best of the options open then it is imperative 
between the two organisations; and wherever 



to maintain frequent and open consultation 
institutional necessity separates any of the 
six elements from another the consultation 
must remain equally open and as frequent 
as the periodicity of the relevant decisions 
demands, 

210. The following table shows in sim- 
plified outline the relationships possible 
between decision elements and organisations 
depending on the governmental ^tructure of 
the country concerned. An "O" shows the 
organisational situation possible'for any 
element. For example, system agencies 
may be situated in either a Ministry of Edu- 
cation or a Ministry of Public Works, in a 
local school building agency or in a private 
enterprise. Educational or financial plan- 
ning may be functions discharged in a cen- 
tral ministry or ministries or at local level 
and so on. 

211, From the table it will appear that the 
first preference for containing in a single 
organisation the three elements of develop- 
ment educationists, development project de- 
signers and system designers, can be met 
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(1) 



(1)&(3) 



(3) 



Local or 
regional 
government 


Finiincial branch . , 


• 














(4) 


Education branch ^ 
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• 
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Building branch ' 
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• 
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, , ManuJactunng enterpn 50 
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Bui Iding ontorpriso 
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• 
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Other firms 










• 


• 







^Whichever or^ranisation enters into contracts with builders is the school building agency. 

Regional organisations intermediate between central and local gove^rnment are ignored for 
the sake of simplicity, butMhis does not affect the principles of communication under dis- 
cussion. 
Notes: 



1) 
2) 

3) 

4) 

5) 
6) 



The Ministry of Finance and the Ministry of Economic Planning may often be combined 
in one. 

Where local governmpnt spends funds provided by central government, the Ministry of 
Education may allocate to each local mechanisrh its portion of the total fund allocated 
.for education by another ministry. To this extent it performs a financial planning func- 
tion. 

Where building is solely the responsibility of a central public building ministry, the 
Ministry of Finance usually determines the building budget. In this case it is essential 
that the Ministry of Education should have a voice in how the total is allocated to indivi- 
dual building projects.. Both Building and .Education Ministries then perform a financial 
planning function. 

A local authority disposing of a total budget has a financial planning function in appor- 
tioning it to individual building projects. In discharging this financial planning function 
it may be either autonomous or subject to central government approval. At the scale 
on which local authorities operate little difficulty seems to arise in ensuring adequate 
communications between the financial, educat-iunal and building branches. 
Even if not autonomous a local authority may need to make detailed local forecasts of 
educational requirements within the overall strategy of central educational planning. 
IJiis, of course, quite possible that the development project designers may be profes- 
sionals practising in the private sector; but to discharge the development function they 
will be commissioned by some government organisation, central or local.. 
• 7" 
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* bv uric (>i t.»a'ii'^«iti<'" alont*^ iiarn(*l> n Minis- 
try \>I' I'.diu utiofi, I iiless tho voluiuf of 
s( huol biiiMifi^ iindtM-takeii by r t'i.'iutia. m 
local autlioritU's is lai'^c eriou^lrto pr-ovick* 
the iiiifiiiiium Ics c*l ot outlets to attract prcj- 
(liiccrs, there? is little doubt .tliat a Muiistr-y 
of i:(lucati<»n is tlu? be st situation lor the 
three most imj)or'tant elements. Hut if the 
i-everse applies, then a local ^(nor-rirnc?nt 
s( h<K)l building a^Tericy would be equally 
suitable, pi-ovided that the Kducation Hr-anch 
in the table (containing tlie de veh)[)nient edu- 
cationists) and tfie lUiildiri^ Hr'anch ar-e hnih 
contained within the orie school building 
a tHmcy, 

212» II the sec()nd p r-efe r'eiice is the only ' 
option open, tfieri the table shows that a 
systetn a^^ency ser-vm^ many local school 
building* a^cTu ies i i>uld be located, either- 
in one ol* the hx al organisations, or* in a 
( enti'al Ministry of KducatitMi or Public 
Uoi-ks, or- in one? of the private erUer-prises 
siiown. liiit ill these cases whei'e would the 
<h-vel<jpnient educationists and desi^uivr-s bcj, 
situated if they arc not to be o r gani satiiHi- 
ally separate<i frurn each other-'r* The qu(?s- 
tion is itself enough to sliow that the number- 
(*f cfVe( tive alternativi'S is very small. Arid 
if the systems ageiu y is in a pr'ivate enter- 
I)rise it seerns likely tliat communications 
will tiien be more dip'u ult with the devcdop- 
ment [)r-oject educationists and designer's, 
V. ho can only be br'ou^ht to^etlier* in one of 
rtie [)ublic or ^ainsatiotis. 



213. To cotudude the main par-t of this re- 
port It may be obser-ved that the issues of 
industr-ialised building ar-e by no means con- 
fined to teclinological considerations of what 
building C(jrnponents can best' be standar'd- 
iscMi in their- for-rir and inter-relatio-nships, 
lm[)ortant tluju^h these teclinolo gi eal c(jnsi- 
der-ations' [|re, they can not be separated' 
fr nrn tlie e(hj( atic)nal r-ei^uuMMnents tliat each 
industr'iali.--ed l)UilduiM must meet botli now 
and m tlie future. Nor- can they be separated 
fron.i tlie r^'iiuwements cjf planned [)rc)duction 
ol- from pr-oblerns of demand fo r-e castin^^, 
fr-om finaru in^^ a'nd f)U r-i-hasin^» ar-r-angernent.s, 
or\ as the [)r-esent cluipter- has shcnvn, fr'oin 
the fhiw of communications between all par- 
ticii)ants in the deciston-makin^r pr-ocesses 
involved. In shor-t.^tlie econornK al [)r-oduc- 
tion of «ood educational buildings in quan- 
tity demands tliat educatiini itself, educa- 
tiorial building leclinoU)gy, pr-(nni- 

K^ment pr ocesses and institutional arr'an^e- 
merits ( (Mistr.tute together- a networ k of inter*- 
rehited issues whu li always need to be ( on- 
sider-ed Icj^ethcM- as a totality - as a lar-^er- 
systern within whicli building systems ar-e 
c'onfaimiil» In this res[)ect educational build- 
ing! r;<^i^not be seen as rnor'c difficult to 
manage or- mor-e pc^liar- than building for 
oMier- pur-poses» On tlie ( ontrar-y. it r-epre- 
sents a convcMuent and compar-ati vely easiiy- 
iiandled rrujdcd'^ win ch deser ves attenti(m from ^ 
anyone (oncerned with wider issues of [)r*o- ^ 
viding a total built environment m r-es{)onse 
to s(jcial. economic and cultural needs. 




Chapter VIII 



SUMMARY AND CONCLUSIONS 



CliARACTKRISTICS OF INDUSTRIALISED 
BUILDINC; (CIL\PTKR II) 



214. Virtually all modern building is indua- 
trialised in as much as many site processes 
are mechanised and many factory produced 
components and materials are used. If in- 
dustrialised methods are to be separately 
distinguished from the generality of buildi 
ing practice it is in their use of pre- 
determinecf standard systems or sub- 
systems of mutually compatible pre- 
fabricated standard components to an ex- 
tent where they impose the major limita- 
tion on altjernative forms. 

215?^ Systems vary widely in the limita- 
tions they impose. But many schools built 
in standard systems are at least as good, 
aesthetically and functionally, as those 
built by alternative methods. Thus the li- 
mitations of a well-conceived system need 
in no way restrict the production of build- 
ings of desirable kind or quality. 



HKNKFITS AND DANGERS 
(CliAPTER III) 

216. The prime justification for the use of 
4<i^ustrialised building systems is the inabil- 
ity of. the building industry to meet demand 
with them. Thus the first benefit from the 
use of industrialised building systemrj is 

the extension of the building industry's no- 
tential. ^ . 

217. Cost comparisons of industrialised 
with alternative methods are made unreli- 
able, partly by difficulties of comparing 
like with like, and by the fact that where 
the former have been widely used they have 
displaced the latter. Circumstantial evi- 
dence shows that the cost advantage varies 
from one system to another, but that if cost 
benefits are to result certain conditions 
must be .met by the arrangements made for 
the purchase and supply of school buildings. 



218. Savings in construc^ition time o\fer the 
use of alternative nunhods reflect the ex- 
tent to whic\ the buildin-g industry is over- 
loaded; but tdJdng duenaccount of this the 
savings in coriVt^ ruction time made by some 
systems are si/>nificant. l.ike cost savings 
they are dependerHj2iixtly on the character- 
istics of the system andj^artly on f)urchase 
and supply arrangements, 

219. Savings in the time ilieedcHj for deci- 
sion-making prior to the s\(art of construc- 
tion represent a major benefit obtainable 
from the use of standanJ systems. 

1220. The use of standard systems means 
that quality and cost control is easier to 
assure. In offering this benefit industrial- 
ised building systems come nearest to offer- 
ing one of the major benefits Which con- 
sumers in general enjoy from industrialised 
production: that goods are not only in ready 
supply but reliable and consistent and can 
be sampled and evaluated before being pur- 
chased at firm prices declared beforehand. 

221. The effectiveness of standard systems 
may be increasecUby but is not dependent on 
bulk purchase. Hut the use of a standard 
building system facilitates the operation of 
bulk purchase arrangements which caji lead 
to financial savings. 

222. The pressures for industrialised 
building systems to replace alternative 
rnodes of: building remain strong and possi- 
bly inexorable. In this lies the danger that 
school construction, being a relatively 
rjmall section of the building market as a 
whole, may find its own special require- 
ments increasingly difficult to meet. This 
danger can be averted if these special re- 
quirements are clearly identified and made 
known to interested producers. 



RIGHT RIND OF SCHOOL BiriLDiNC; 
(CHAPTER IV) 



223. The requirements special to school 
building vary according to the nature an(J 
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patt(M*n lit the cduc ational activitie.s which 
have to he accornrriodated. The rani^^e and 
div(M-?"Uty "1 thewe activities increase as 
(MiucaUtm d(»partH fr-orn tfie traditional 
starting point of simple expository instr-uc- , 
tion. As th(» diversity increases sc) does 
th(» diver-sity (»f environments which a stand- 
ar*d syst(?rri must he able to [)rovtd(», 

224. A buildiru^ system is only as ^ood as 
the buildinji^H which lib limitatU)ns allow to 
be built. So the most thorou^^h investiga- 
tion of its capabiliti(?Vi is n(»etied before a 
system is clUisen: or- if a new system is to 
be d(»sif»ned an c»qually tliorou^^h investif.^a- 
tion is ne(»ded of all the (»(Jucational requir-c-- 
ments it vviU have to rri(»et, 

22r), Ihe simpler the educational require- 
ments th(»'^',r<*'^t(?r the Uinit^itions which can 
be ucce[)ted and [)rovu)ed all sit(»s are flat, 
(ir nearly so, this sun(^)licity may everi al- 
low for sorne form of ' standard j)lan" which 
will in turn allow system to be sim[)li- 
fied still fur-ther, 

22fi. Kv(»n wh.ere curr-ent educational requi- 
rements demand no more than a v(»ry limit- 
ing; syst<»m or evc;n a staniJard [)lan, ^^reat 
caution is needed before ac( ef'tin^', such li- 
mitations since they are likely to militate 
a^^iiriHt mtretinf^? th(» needs of futurt* change. 

227. A capacity to meet th(» netKiw of future; 
chancre is an important cr-iteriori in all 
school buildin^^s. Hut in rn(?(»tinj^ these fu- 
ture n(»eds, diversity of educational environ- 
^ m(»nt in the orif.'jinal buildinj^ w more impor- 
tant than larf^(? spans or relocatablt* parti- 
tionir^', or similar (J(?vices that facilitat(? re- 
ar-i'an^^ement of int(»rnal spact-s, S(?con(J to 
this div(»rsity tfu* most important criterion 
for futurt? arJaptation is a buildin^V^^^ capacity 
to acc(»pt additional s(?rvic(?s for v(;ntilation^ 
electricity and water r-JU[)ply and drainaj^e. 

22B. *rh(» d(»si^n of a system murjt take into 
account the ext(»nt to which (educational cir- 
(•umstanc(»s demand that it shall aUow for a 
wide ran/^(» of: 

a) horizontal and v(»rtical dimtrnfjionrj 
of individual spaces ran^^in^^ from 
those of the scale found in housin^^ 
(sta*ff rooms, seminar rooms) to 
those of the scale more usual in 

' industrial premises (e. ^. for [)hy- 
sical (»ducation or sports) and in- 
cluding:^ many intermediate scales 
, not found in either housinf^ or in- 
(Justrial premis(?s, nor in office- 
ty7)e accommodation; 

b) overall [)lan form - in order to in- 
t(!^^rate outdoor as .well as indoor 



educational spaces, in order to 
maximise the "fit" between huild- 
inf.; and site and in order- to ensure 
the rif^ht inter-relationship be- 
tween individual spaces; 

c> possible storey heights an(J inter- 
face's between blocks of differing; 
storey heif^ht; 

(J) li^'jhtin^' (artificial and .natural), 
acoustics and thermal (Miviron- ' 
ment to suit each educational 
activity, all of which may have 
several different requir(»rnents; 

e) S(»rvicmK provision, (»s[)erially in 
r(»s{)ect of (electricity, water sup- 
[)ly and draina^^* which ne(?d to be 
more widely dis[)ersed than in 
either housing' or offices and which 
[)ose f:fr eater probhems c)f intejL^ra- 
tion with the structure than m th(» 
case of industrial f)remises; 

f) finishes aruJ fittin^^s, with du(? 
ref^ard to subsequent replacement; 

ll) alternatives for satisfactory 
visual a{)pearance. * 



NKKDS OK PKANNKI) KXPKNDIHTU': 
AMI) OUTPUT (CliAPTKH V) 



229. 'The (i(jsu;n and sel«»ction of systems 
must take into account more than th(» ne^ed 
to [)rovide the, required kinds a id quality of 
buihiinf^s: they neeri to have (?qval r^*^^''^^ 
for ensuruu^ that th«? requir«?(J Kind of build- 
ing" are produced quickly and (-h(?aply enou^jh 
to provide a planned quantity within a plan- 
n(?d period of time and within a plann(»d level 
of expenditure, in short, to nieet the needs 
of output/expenditure planning;. 

230. In j)ractice, output/expenditure plan-, 
ninH r(?sts on eithc»r of two alternative stra- 
te/^i(^s, namely: 

u) Standard Product Strato^ty, wh(»r(» 
the kind and quality of buihim^r is 
re^t^rded as an immutable constant,^ 
but'output and expenditure are 
accepted as variablea in the output/^ 
expenditure plan; or 

b) Standard Coat Strate^^y, which at- 
tempts to maintain a planned ex- 
penditure? for a planned output, but 
within planned limits the quality if] 
allow(»(J to vary. This is the rnore 
a[)propriat(» strate^ty vvh(?re educa- 
tional practic(» has b(?com(? so 
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widely (livcT.sified m it.s activities 
that (O.St restraint denuinds a care- 
ful ordiMMri)^^ of prcfertynro/y, 

Z'il, Acc.ordiiifj: t() which strate^^y is adopted, 
the criteria iur building; systtTiiH implied bv 
the rieods of output expenditure planning; 
nujst be added to those implied by the "ri«ht 
kuui and fjuality of .school building'", as fol- 
lows: 

a) Where Standar d Product Strategy 
af)f)lies, the rfywtein must be cap- 
able ot providin^T schools to stand- 
ard desijjns, 

other cases wh(»re a Standard 
Cn-n Strate^^y applies the following; 
< niteria must be met: 

i) the volumetric increment, of the 
^ HVsteni should be consiKtcnt 

with the co.st control proce- 
dure's which apj)ly to buildin/[;K. 
where U is used; 

li) the system should facilitate the 
interlocking' of facilities, 
7f. Chapter IV, 'para^^r-aph 
ro:i(e) (i), (ii), (iiiJ7^ ni dif- 
fv»r(MU .sliape, dimerisif)n and 
f'nvironniental t har-acter; 

lii) the syf'Ueni should contain a 
r-ani^e of alternatives eac*!! re- 
. prcfientuu^ a different ^(r-ade of 
c -o s t - e f f e r t i ve ne s s ; 

iv) th(? cost of the Conif)omMUs sup- 
pliecj and asseaibl(»d ::hould be 
known at the dt^si^n stat^t?; 

v) the syst(»Mi should hv the donu- 
nant d(»ternnnant of the tcital 
buildnu^ cost; 

vi) the sytitem should be the (Jonu- 
uant d(»ter-niinant in the* com- 
pletion tinn* of the total build- 
inf^ and should ther(»for(? at - 
rount for the key of)er-ations on 
\vhi( h other operations depend 
for their coniplction, 

2'A2, The potential benefits obtainable from 
industrialised buihlin;:^ systems can only be 
i-ealised and the criteria implied both by 
educational needs and by output./ expendi'turt* 
planninn can only be met if (certain cornli- 
tions ar-e fulfilled. Some of th(»se con(Jitions 
i-elat(» to the arr-an/!^enu«nts macle for the 
financin/5 and purchase and sfx^ ifi cation fjf 
fJehf)ol buildings, others to the wor'kin^^ re- 
lationships wfiich ai-e e'stublished between 
the f)arties involved in these f)rocur(»in(»nt 
a rr'aiu^einents. 




PHOCriUOMHXT ahha\(;i.:mk\ts 
(CIIAPTKH VI) 



2:^3, Procurement arr-angements /iei»d to 
meet conditions which respectively allow 
for: 

a) identification of current educational 
d(»velopments and the consequent 
r-an^e of r(»quirement.s a building 
Avstem must meet. (See par-a- 
i4raph 228); 

b) r ecurrent r-eview of any cost con- 
tainment policy associated with the 
financing of educational building to 
ensure that cost reJitr'aint is not in 
conflict with cost-effectiveness. 
(\o stanrlard system can be suc- 

c essfully applied if cost restr-aint 
is so harsh that educationally 
act ep table buUdingH can not be 
r)i-t)tluced by any method at all); 

( ) modification or development of the 
. industrialised building system 
adopted, as educational, economic 
and te( hnohigical ei i-cu instances 
change; 

» 

dj f>ftering pi-oducers r)rosr)ects of 
sustained sales o[)timised above 
the minimum level needed ^to (-over 
capital outlay; 

e) individual building stai'ts to be so 
staggered as to facilitate an even 
flow of component r)r-oduetion with 
adequate lead time to allow for 
f)i'ompt cJeliv(?ries; 

f) closest possibh* intf»gration of de- 
sign, [)i-oduction and assembly, 

P:xampl(*s have been found among the cases 
studied whi^,'h show that all these conditions 
can b(» met, 

2:i4. No example (an be found wher-e all 
components of a system ar-(» pr-oduced by a 
fiingle entt'i-prise, so tlifit it is useful to' use 
the expression "system ag(»ncy" to identify 
the organisation which designs the system' 
and arr'ang(»s for th(» riecessary convpoiHMits- 
to be pr-oduced and supplied by component 
I)r-oducers. Integratioiwo^ design artd pr'o- 
duction under these circumstances demands 
(Collaborative discussion between d(»signer 
and pr-oducer followed by pr-oduct trials 
leading to modification of designs befort* 
they ar-e finalisecJ for full-scale production. 

23r). Designer/fM-oducer f:ollaborati{)n is 
imf)r-artical wh(»re many pr'odut C^rs ar'e in 
corripetition, y(»t r-aises diffic ulties for 



public* arcouiitability if a sin^^lf [>rM)(Jurf r* i« 
tj(raiitt'«l a iimiinpnly. I wo {iifl'tM-cnt str-ate- 
^»U*« havt» bt'iTi dfVflnpcd lor* r*cs()lvin^.» this 
(liliMuiiia: 

•a) tlic scliool buiLd'inf^ am*ncy puts «yw-^ 
tciiKs aj^cncu'H ui roMrfpftit inn with' 
fa( li otluM*; >^ \ 

b) the H( Ikm)] b>jituiri^» a^^fiicy asHunieh 
the I'nli* (iT^y sterns a^^cncy an(J 

coinpe^ftion, 

2:U). Thf fiyst ol" tlic hist-nicntioTred alter- 
iiati vt^•v'h^T^^l.s it.'oC'lf to "staruiarcJ prucJijc t 
( osl^r^st raint and thus tencis t«) l)c lunitecJ 
ifyifs uftcrulne.ss to Miat staf^i* ol^ echjc atiiinal 
^u*\ i-lopinent 4^. he re a standartJ prtniuc t is 
IcHM likely to inhibit uducational practice. 

.(•( ond altei-native ih bi'tter -where edu- 
.( atiurifil f)i a( ti( e han become so widely 
dlvcTsified ui its activities that a standard 
c(.)st st r ategy \k n^'eded. 

237. ,\ arylnf:( dej^jrecs c>! rnono[)oly, sonie- 
Tiriies rotatin-^ anirM^^, [)Voduc<u« for limited 
per'iod!-j, have been ijsed by sonii* sc hool 
buihluu^ a^V'^^' 1^'^ wtthftut risk to {jver'aU 
c ompeTir i veneris, but ordy where "standarcJ 
cost ' fias been the basis ot ( ost restr aint. 
Attempts to phu e. ( ornj^)onent [) rocjuc i* r in 
( on/petition to desi^ni 'iii*^ procJuc c pKJcJucts 
sat isfy ir^' I>e r lormanc c s[>eci t ic ations 
draftr-d bv'sysN'm a^^etuy flesi^^ners have 
Niiet witii some sur{ csf-;, but a major and 
( omplex fffo'i't needed t<) a[)ply llutj pro- 
cerlur e to a!l c ornfionents m a syst(»ni. 



w()HKi\(; Hi:iA I lONsniPs 

(CIlAf'TKH VII) 



In order to strike a profXM' balanc e* 
bet\^ee^ quaj itv, cpjaritity. r ate <)t i)rodu( - 
tioM and arcp^ptable experiditu r-e, ( lose wor-k- 

r-eIation?Jnps need to be efitablished hi'- 
tween tlie financ lal [)lanner's, (Mhjcatic>nal 
phuHjer ri, educ atU)rdj^ts ancl ar-c hitei ts in- 
volved dir ectly or indir'ectly w it^i school 
buildinn at'ent ht; ui the pr-ocurernent [m-o- 
cess. All count rues Yieecl to look c r-itically 
at how well tiicse clec i sion-makiru^ eUMnents 
inter r'elatu (c)-o[)tM*ati V(dy, since failures 
o^rorTimunic ation b<*tween. tht»tn ai e the 
chud' cause when sc hoyl con-it i^jict ion -faibj 
to UM'et the muUiplc object ivefi of quality, 
Ciuantity and cost. 

'^'HJ. SatisTac tor-y workiru^ r*e latiorujliipri, 
espet lally between educ ationifJtf^J and arc hi- 
tects, ai'c ifiifjortant whatever- the method 



of cc)nstr*u< tiori used; but tludr* irn[)ortarice 
and their- ccnnplexity are even ^^r-eater when 
a standar<J system has to be cfesi^^jned (or 
s(Mec ted) as w(dl as individi)*il building's. 

240. The {-ornrrion diffic-ulty of e<Jucationists 
in synthesisin^' their' ac<'orri modation r-equi- 
r-errients is best ov(M-ct)mc by c c)llabt)t-atin^j 
with ar-chitects on the desu'n of Hp(?< ifi( in- 
dividual buildi'fif^s. . It is by ^ene r-ulised ex- 
tr'ai)<)lati{Hi fr-orn the lattiM- that the c r-iter-ia 
to be rngt by a standar-d system can be iden- 
tified. 

241, 'I'he activity has identified thr-e(> over- 
Jappinj.^ sets cjf dec ision-rna^vin^ elements a*^i 
To 1 lows: 

a) , fur- outi)ut/ experuliture planmnf.v 

financial planner s, ectucatiorial 
planfier s, educationists and dc'- 
sitjrier's (>f individual buildiru^s; 

b) for system desif^n: system desi^ei- 
(as i)ar-t of system a^'enc y) ancl 
x^f^rnponent desif^ne r- p r-ocJu< (• i-s; 

c) fcjr itnpler'fientation tif buildiru^ pr-o- 
f^r-arnrne: educationists, buildiru! 

. ^ desi^^n(M-K, ^-iy stern desi^»ner-s, 
builders. ^ 

242, It c an be assumed that, while a rnana- 
^M'able o r-j^aniwation c an not embr-ace all 
these decision-rnakinj^ elements, cornrnuni- 
rati(Jns arul coUabot-ation ar-e easiest h(^twc»en 
elernefits which ar-o withini a sinj^le or ^ani- 
sation. Analysis of the scale and fr-equeruy 
of decisions tak(»n by ea<:h element shows 
that, on;th4s assumption, coTnmunic:ati(>ns 
will be of)tiniised if e<lu<-ati<HUsts, indivi- 
dual buildirif^ (lesitifners (ind system de- 
si^^ier-f] (ran be ((Mitained within or ( losely 
assoc iat»-d with the same (H-^^anisatu>r^ 
Withm this or-^^anisalion'the individual buil<l- 
mjL^ desifrner-s ar e the link J)(*tween educa- 
tionists and system desi^^ner-s. Huildin^:^ 

de sutlers and edu cati(Mi ists must llien for rn 
the collaborative link with any se'par-ate or-- 
f'anisation corw c r-n(»d with cju tput/ (ixpe»ncJi - 
tur-e plannirij^ while building' df'si^^rie r-s link 
with builder s ancl riyhtern defjij^ner r: with 
[jr'oduc crs. 

243. Tlie r^(datjonship model just desc r ibeci 
can rvf)t. howc^'er , be str-ictly foUowecl if llie 
ter rn "educ ationisvts" is held to include all 
those who will teach ui the school «j to be c on- 
str'uctecl, or- if "individual buildm^^ de- 
sifVif includes all desif^ruM's for* all build- 
up's, I Ins leads to the (onclusion that edu- 
cationist 'desu^ner- (-oUabfH-ation r-equir-es a 
syntlicsisuif^ rnec hanisrn <-c)ntainin/.^ lea<liru^ 

e ducat lorn St s and (»ducationally-spe( lalised 
desifVi^'i de?.c r ibcd as an educ ational 
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development group. It is this group which 
should design the individual buildings which 
synthesise the needs of the educational de- 
velopni4?nt desired, and from which the cri- 
teria for systems can be extrapolated (cf, 
para'graph 240). This process of extrapola- 
tion can best be ^chieved by collaboration 
between designers concerned with educa- 
tional development and those concerned with 
system design, the tv/o kinds of designer 
thus constituting a technical or systems de- 
velopment group, 

244, Institutional patterns may unavoidably 
require that the two groups are kept sepa- 



rate, even in separate organisations, and 
so prevent designers from playing a dual 
role in both kinds of development; in that 
event every effort is needed to maintain the 
strongest possible link between the two 
groups and the designers in each should pe- 
riodically exchange roles. Where educa- 
tional and technical development groups 
have approximated most closely to the mod- 
el described in paragraph 242 above, the 
designers have been public employees, but 
there seems no reason why arrangements 
having the same effect should not be made 
where the built of architectural work is 
carried out by private practitioner's. 



V 
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9 (613)992-9731 
DENMARK - DANEMARK 
Munks|iirds Boghindel 
N#rre|ide6, l|65 K9RENHAVN K 

9(01)12 69 70 
FINLAND - FINLANDE 

Akileemineii Kirjikiuppi 

Keskuskilu I. 00100 HELSINKI 10 1^ 625 901 
FRANCE 

Bureiu des Publications de I'OCDE 

2 rue Andre.Piscil. 75775 PARIS CEDEX 16 

9 524 11.67 
Pnncipiux correspondints 
13602 AIX'EN-PROVENCE Libriirie de 
rUnivCTiSte 9 26 II 01 

31000 GRENOBLE B Arlhiud. 9 17 25 1 1 
31000 TOULOUSE Privil 9 2109 26 
GERMANY - ALLEJVMGNE 
Verlig Wellirdiiv C m b\i 

D 2000 Hamburg 36. iS^euer Juncremslict 21 

9 040-35-62-500 
GREECE - GRECE 
Libriirie KiufTminn. 21 rue du Slide. 
ATHENES 132 9 322.21.60 
HONG-KONG 

Governm^nl InformiUon Services. 
Siles of Publications Ofncc. 
lA Garden Road. 

9 H-252211-4 
ICELAND - ISLANDE 
Sn«ebj6rn Jonsson and Co , h.f . 
H«<«arstrKti 4 and 9. P O.B 1131. 
REYKJAVIK 9 13133/14211/11936 ^ 
INDIA - IN;DE 
Oxford Book and Stationary Co 
NEW DELHI. Scindia House 9 47311 
CALCUTTA. 17 Park Street 9 24013 
IRELAND ' IRLANDE 
Eason and Son. 40 Lower O'Conndl Street. 
P O DUBLIN I. 9 01-41161 

ISR4^ 
Emanuel Brown 

3S Allenby Road. TEL AViV 9 51049/54012 
also at 

9. ShIomziOn Hamalka Street. JERUSALEM 
9 234107 

41 Nahlath Benjamin Street. TEL AViV 
9 53276 
. ITALY - ITALIE 
Libreria Commissionaria Sansoni 
Via Lamarmora *i, 50121 FIRENZE. 9 579751 
Via Bartohni 29. 20155 MILANO. 9 363013 
Sous-dipositaires 
Editrice e Libreria Herder, 
Piazza Montec^orio 120. 00116 ROMA. 
9 674621 

Libreria Hoepli. Via Hoepli 5, 20121 MiLANO. 

9 165446 1 
Libreria Lattes. Vtf Garibaldi 3. 10122 TORINO ' 

9 519274 

La diffusione <delle edizioni OCDE t inoltre assicu- 
rata dalle m[|liori librerie ndle cnii piu importantt. 



JAPAN - JAPON 
OECD Publications Centre. 
Akasaka Park Building, 
2-t-4 Akusaka, 
Minato-ku 

TOKYO 107 9516-2016 

Maru/en Company Ltd . 

6 Tori-Nichome Nihonbashi. TOKYO 103. 

P O B 5050. Tokyo International 100-31 

9 272-7211 
LEBANON - LIBAN 
Documenta Scicntifica/ Rcdico 
Edison Building, Bliss Street, 

P O Box 3641. BEfHUT 9 354429 - 344425 
THE NETHERLANDS - PAYS-BAS 
W P Van StockuiT) 

Buiienhof Tb. DEN HA AG 9 070-«5 61 01 

NEW ZEALAND - NOUVELI.&ZELANDE 

The Pubhcationi.Officcr 

Government Printing Office 

Mulgrave Street (Private Bag) 

WELLINGTON. 946 107 

and Government Bookshops at, 

AUCKLAND (P OB 5344 ) 9 3 2 919 

CHRISTCHURCH (P O B 1721) 9 50 331 

HAMILTON (P O B 137} 9|0 103 

DUNEDIN(PO B 1104) 9 71 2f4 

NORWAY - NOBVEGE 

Johan Grundt T|nunr)s Bokhandei. 

Karl Johansgate 41/43. OSLO I 9 02-332910 

PAKISTAN 

'Mirza Book Agency. 63 Shahrah Quaid-E-Azam. 
LAH0RB3 9 66139 
PHILIPPINES 

R M Garcia Publishtng Hou^e. 
903 Quezon Bkd Ext . QUEZON CITY. 
PO Box H60 - MANILA 9 99 9147 
PORTUGAL 
Livraria Portugal. 

Rua do Carmo 70-74 LISBOA 2 9 360512/ j 

SPAIN - E5PAGNE 

Libreri^ Mundi Preriu 

Castello 37, MADRID I 9 275 46 55 

Libreria Baslmos 

Pelayo, 32. BARCELONA I 9222 06 00 
SWEDEN - SUEDE ' 
Fritzes Kungl Hovbokhandd. 
Frcdsgatan 2, 1 1 132 STOCKHOLM 16 

9 01/23 19 00 
SWITZERLAND - SUISSE 
Ltbrairie Payot. 6 rue Grenus, |2II GENEVE M 

9 022-31.19 30 
J^WAN 

Woks and Saertttfic Supplies Services. Ltd 
P OsB 13, TAIPEI 
TURKEY - TURQUIE 
Librairie Hachette. 
< 469 Istiklal Caddesi. 
Beyoglu, ISTANBUL, 9 44 94 70 ^ 
ei 14 E Ztya Gdkalp Caddesi 
ANKARA 9 12 10 10 

UNITED KINGDOM - ROYAUM&UNI-^ 
H M Stationery Office. P O B 369. LONDON 
SEI9NH. 901-921-6977. Exi 410 
or t 
49 High Holborn 

LONDON WCIV 6HB (personal callers) 
Branches at EDINBCTrGH.- BIRMINGHAM. 
BRISTOL. MANCHESTER. CARDIFF. 
BELFAST 

UNITED STATES OF AMERICA 
OECD Publications Center. Suite 1207, 
1730 Pennsylvania Ave, N W 

WASHINGTON. DC 20006 9 (202)29M755 
VENEZUELA 
Libreria <td Esle. Avda F 

Edificio Gahpin. Aptdo 60^7, CXiMCAS Idt 

9 32 23 01/33 26 04/3- 
YUGOSLAVIA <- YOUGOSLAVIE 
Jugoslovejiska Knjiga. Terazije 27. P O B 36, 
BEOGRAl) 9621-992 
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Les commandes provenant de pays ou I'OCDE n'a pas Encore designe de deposiiaire 
peuvent ^re adressies k 
OCDE. Bureau des Publicati6ns. 2 rue Andr^Pascal, 75775 Pans CEDEX 16 
Ordtrs and inquiries from countries where sales agents have not yet been appointad may be 
OECD. Publications Office^, 2 rue Andri-Pascal. 73775 Pans CEDEX 16 
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